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Stepped vertical-face cuts carved through loess 


for new Iowa highway 
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he increased weight and speed of modern 
t »s made this structure obsolete. Maintenance 
$s an expensive probiem because the piank 
ng had to be replaced at frequent intervals 


be | 


when you use Multi Plate 


Limited funds need not stop you from replacing 
unsafe or inadequate bridges. Here’s one example 
where the job was done with Armco Multi Plate at 
an estimated saving of 45 per cent over competi- 
tive material. 

In this case relocation of the road, and the fact 
that the old structure was inadequate, dictated 
immediate construction. Unstable foundation con- 


t of a timber mat for be Eanare] 


n of the Multi Plate units was 


Saar ey eT RRR Rost Her Rar ditions added to the problem. The solution, after 
aie ata ate i st making a bearing test, was an ARMCO Pipe on a 
timber mat. The 105-inch diameter pipe is 60 feet 
long and makes a sturdy, permanent installation 
that will last for years without maintenance. 
You too can reduce costs and speed construction 
of large drainage openings by using ArMco Multi 
Plate Pipe or Arches. Write us for complete infor- 
mation and prices. Armco Drainage Products Asso- 
ciation, 501 Curtis Street, Middletown, Ohio. 


ARMCO MULTI PLATE 


A TYPE OF PRODUCT ORIGINATED AND 
DEVELOPED BY ARMCO ENGINEERS 


ure is situated upstream from the old 
holm ihas) bala) ait eae overs the pipe and the 
stected against erosion by a rip-rap 
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The pipe was beveled to fit the slope for 
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CONSTRUCTION TRENDS 


Notes on significant movements in the construction industry 


Activity on labor and material price fronts 


ABOR RATES in the construction field 
have increased moderately in the past 
three months after a fairly long period of 
stability. For nineteen months preced- 
ing May, 1940 the common labor ENR 
20) - cities’ aver- 
age rate moved 
CONSTRUCTION LABOR within a ec. 
WAGE AVERAGES range, never 
(ENR 20-Cities) below 68c. per 
— hour, nor rising 

TT Skilled Labor above 68'2c. 
Be coecubernaat In May the 
Sees common labor 
average rate rose 
to 69c., in June 
to 70.3c., and in 
July to 70.7c., 
the rate which 
prevails for 
August. The 
current month’s 
hourly wage av- 
erage is 34 per 
cent above the 
annual average 
for 1939, + per cent higher than the 1938 
average, and a new all-time high for 

common labor. 

The skilled labor rate average for 
August, $1.476 per hour, increased 0.8 
per cent over the wage at the opening 
of the year, and was 2 per cent above 
the record annual average for 1939. The 
three crafts used in computing the 
skilled average all climbed from their 
levels at the opening of the year. Brick- 
layers’ rate rose 0.3 per cent; carpenters’, 
1.3 per cent; and structural ironworkers’, 
1.1 per cent. All three of these classifica- 
tions of skilled labor are establishing 
new records with each increase. 


Cents per Hour (4W#) 


+» under the Act of March 3, 1879. Printed in U.S.A. Cable address ‘ 


ONSTRUCTION 
C material 
price trends are 
mixed. August 
cement average 
for the ENR 20- 
cities, $2.52 per 
barrel, is quoted 
3 per cent under 
the 1939 average 
price; structural 
steel, at $2.10 per 100 pounds, is un- 
changed from a year ago; reinforcing 
steel, $2.49 per 100 pounds, up 0.6 per 
cent; and Fir and Pine lumber, currently 
averaging $34.97 and $31.12 per M feet, 
are reported 6 and 5 per cent higher than 
their respective 1939 averages. 

Cement and structural steel prices re- 
mained stable throughout the period fol- 
lowing the start of the European conflict. 
Cement, however, dropped from $2.59 in 
April to $2.51 in 
June as a result 
of reductions in 
California. 

Immediately 
after the out- 
break of war in 
Europe last year, 
reinforcing steel 
prices rose 6 per 
cent, climbing 
from $2.41 be- 
fore the war to 
$2.57 in Decem- 
ber. 

Pine lumber prices jumped 11 per cent 
and Fir was up 8.6 per cent within two 
months after war was declared last Sep- 
tember. -At the present time lumber 
prices are below November quotations. 


CEMENT AND STEEL PRICES 
(ENR 20-Cities Aver.) 


,- Cement, per bbi 


LUMBER PRICES 
( ENR 20- Cities Aver.) 


Dollars per M. ft. B.M 
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Largest Hot. in 
Canad 
15 tons of Truscon 
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TIME TESTED and 
GUARANTEED WATERPROOFING 


A guarantee has value only in direct proportion 
to the stability, integrity and performance record 
of the company that issues it. That is why you are 
doubly protected by the 
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First and foremost—although it has been used throughout the world in 
hundreds of thousands of buildings and in every type of concrete construc- 
tion—Truscon Waterproofing Paste has never registered a failure. America’s 
proudest structures offer dramatic testimony to the enduring efficiency of 
this outstanding product. Its record in itself is protection to architects, 
engineers, builders and owners. And now—to make waterproofing protec- 
tion doubly sure—Truscon offers a 25 Year guarantee. Behind this guarantee 

are the high standing and financial responsi- 

bility of the Truscon institution—matters of 

public record for more than thirty years. 
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Fisher Building, 
Detroit, Mich. 
Albert Kahn, Inc., 
Architect. H. G. 
Christman-Burke 
Co., Contractors. 
Basement Walls 
Waterproofed 
with Truscon W a- 
terproofingPaste. 


=.= as, 


22235 


Lato seas eS 
ne 3. me - 


Write for a copy of our guarantee and 
learn of the protection offered by 
Truscon Zilicon Waterproofing Paste. 


IMPROVED WORKABILITY 


Truscon Zilicon Waterproofing Paste now contains the remarkable 
chemical achievement — Zilicon — which incorporates into concrete 
all the most modern scientific advances, including: (1) use of less 
water; (2) shrinkage reduction; (3) strength increase; (4) Puzzvo- 
x lanic properties; (5) corrosion resistance. Always excellent, Truscon 
i ae, Waterproofing Paste is now even better. 


an SCON LABORATORIES 


Saat ANIFF AT GRAND TRUNK R. R. + DETROIT, MICH. 


TRADE MARK REGISTERED 
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NEWS - 


In Engineering and Construction 


RECORD 


Army begins work of 
housing increased forces 


Congress delays, so Army gets an allotment from 
President's “blank check" fund to start its huge task 


of barracks construction 


Without even waiting for Congress to 
appropriate and legislate, the Army this 
week tackled the task of providing hous- 
ing for the 400,000 conscripts and na- 
tional guardsmen who will be called 
out by January 1. 

The War Department initiated a pro- 
gram for the construction of cantonments 
in cold weather climates, and the estab- 
lishment of tent camps in warm climates 
—all on a scale unprecedented since 
World War days. The program calls 
for erection of temporary housing or 
tentage for 319,210 troops at 34 posts 
throughout the country. 

Construction work involved in this pro- 
gram will be the erection of two-story 
wooden houses for use as barracks, and 
installation of necessary utilities and 
hospital facilities, 


First allotments $29,000,000 


To finance this work until funds can 
be appropriated by Congress, President 
Roosevelt allocated $29,000,000 from his 
200,000,000 “blank check” fund. The 
Presidential allocation was absolutely 
heeded because the Army is estopped 
rom even requesting this money until 
hational guard and selective draft legis- 
ation is enacted. 

The $29,000,000 allocated will only 
permit a start on the over-all program 
hich will require construction of hous- 
ng for an estimated 1,000,000 men at 
cost roughly fixed at from $60,000,- 
0) to $70,000,000, 


Several large contracts awarded 
Release of the Presdential money was 
ollowed by the award of more than $4,- 
00,000 of contracts for temporary hous- 
ig at two of the posts. Williams Lum- 
t Co., of Columbus, Ga., was awarded 
$2,079,790 contract to erect temporary 
ildings at Fort Benning, where quar- 
rs for 16,000 men, composing an entire 


armored division, must be provided un- 
der the program. A $2,731,000 contract 
for temporary housing at Camp Ord, 
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where 10,000 troops of the 7th Division 
and miscellaneous units will be quar- 
tered, was awarded to Ford J. Twaits- 
Morris-Knudsen, Inc., Los Angeles. The 
Camp Ord contract calls for erection 
of some 600 buildings. 


Work begun at a few posts 


Previously, other had _ been 
used to award large contracts of $1,- 
159,000 and $2,193,000 for housing at 
Fort Knox and Camp Jackson, S. C., 
respectively (ENR August 22, 1940, p. 
7), and for smaller projects at Fort 
Benning, Arlington, Va., and Stockton 
Airport, Calif. 


monies 


Bureau of Reclamation Photo 


Diversion of Sacramento River begun at Shasta Dam 


To prepare bedrock for the middle section 
of Shasta Dam, the Sacramento River was 
diverted into the channel at the lett Aug. 14. 
The temporary passageway, which is 50 ft. 
wide and 2,000 ft . long, will carry the flow 
of the stream until high water arrives next 
winter, when the river will be allowed to flow 
again in its natural course. By that time con- 
crete will have been placed for the founda- 
tion of the dam. 

Shasta Dam, which will be 560 ft. high, is 
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being built by the Bureau of Reclamation for 
navigation, irrigation, flood control and power. 
It is the major project of the Central Valley 
work in California. 

The first bucket of concrete was placed in 
Shasta Dam on July 8, and since then work has 
proceeded at a fast pace. The concreting op- 
erations are of unusual interest by virtue of the 
cableway layout which consists of a single 
huge head tower from which radiate seven 
separate cableway spans. 
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Large timber joints 
may be tested 


Consideration is now being given to 
the possibility of making tests to de- 
struction on timber joints and perhaps 
on complete timber arches used in the 
buildings of the Golden Gate Interna- 
tional Exposition at San _ Francisco, 
which are soon to be demolished. A 
committee of the San Francisco section, 
Am.Soc.C.E., which has been studying 
the matter, included in its report the 
following: 

“We conclude that much useful infor- 
mation of benefit to the engineering pro- 
fession, to the construction industry and 
to the public could be obtained from a 
comprehensive test program. The fol- 
lowing list of tests, with approximate 
cost, is considered desirable, the se- 
quence indicating the order of desira- 
bility: 

1. About 50 individual tim- 

ber joints to be removed 

from the structures..... $1,000 

Lateral load resisting abil- 

ities of piles, footings and 

soil . ; 

Small trusses and trusse 

rafters 

Diaphragms consisting of 

plywood, diagonal sheath- 

ing, plaster and plaster 
board Sarin aaa 

Compression and tension 

members and beams con- 

sisting of built-up and 
solid members ‘ 

Full size arches or large 

trusses 

Vibration tests 


500 


1,000 


2,500 — 5,000 
500 


Total 


. $10,500 $13,000 


Cost estimates are based on the as- 
sumption that the items to be tested 
would be furnished free by the exposi- 
tion, that testing equipment at the state 
university could be used without charge 
and that some student aid could be ar- 
ranged. To the items listed would have 
to be added the cost of an engineer and 
an assistant to plan and direct the tests 
and to write a report. Altogether, $5,000 
to $20,000 could profitably be spent on 
this program, the committee reports, 
the smaller sum including only the first 
three items of the program recommended 
above. 


Golden Gate Bridge 
makes a profit 


A net profit of $17,765 from operation 
of the Golden Gate Bridge at San Fran- 
cisco for the fiscal year ending June 30, 
1940 was announced at the directors’ 
meeting on August 14. This is the first 
profitable year for this structure; the 
loss last year was $135,003. Unlike the 
San Francisco Bay Bridge, tolls on the 
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Golden Gate Bridge have not been de- 
creased and in fact the truck rates have 
been increased with material effect on net 
returns. 

The total number of vehicle cross- 
ings in each of the three years the bridge 
has been in service are: 
Year ending June 1938 

26 *. June 1939 


” ” 


3,311,512 
June 1940 


The year’s operating costs were re- 
ported as $2,039,687 of which $1,519,000 
went to pay interest on the $35,000,000 
worth of bonds. 


Philadelphia buildin. 
probe reveals littic 


Following a three-and-one-| 
probe of activities of the Build.» T;,),. 
Council, A.F.L. unions, and a}! ied }yy;j;, 
ers’ groups, the federal inve.; 
the building industry in Philad: |;))j, has 
ended with “a clean bill of })..\:h” ;,, 
the industry in that area. Bey.» 4, * 
vestigate an alleged builder-wy jn yop, 
opoly, to restrain low-cost const: ction , 
homes, no collusion or restrain! of trad. 
was found. 
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First city gets 


Lest week when the portly complete Contra 
Costa Canal began supplying water for the 
city of Pittsburg, Cal., the first unif of the 
Central Valley project of California went into 
operation. Shown is the water bubbling up in 
the aerating basin in the Pittsburg municipal 
waterworks, which supplies about 700,000 gal. 
per day for the city's 12,000 population. The 
new supply replaces an old supply from deep 
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Bureau of Reclamation Photo 


water from Central Valley project 


wells adversely affected by salt water percule 
tion from nearby bays. 

Furnishing water for the city of Pittsburg 
but one of the many objectives of the $220, 
000,000 Central Valley project, which is olso 
for navigation, flood control, supp/emento! - 
gation, salinity control, industrial water service 
recreational development and generation o 
electric power. 
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Conference committee completes 
work on highway bill 


Now carries amendment relative to national defense roads 
which may alter time-honored federal-state set-up 


The regular biennial federal-aid high- 
way bill, which has finally been reported 
out of a Senate-House conference com- 
mittee, carries an amendment regard- 
ing defense roads projects, that some 
experts say significantly changes fed- 
eral-state relationships under the Public 
Roads Administration program. 

The amendment provides that in ap- 
proving federal-aid highway projects to 
be carried out with any unobligated 
funds apportioned to any state, “the 
commissioner of public roads may give 
priority of approval to, and expedite 
the construction of, projects that are 
recommended by the appropriate federal 
defense agency as important to the na- 
tional defense.” 

As the amendment was slipped into 
the bill during Senate debate, it said 
that the commissioner “shall’”—instead 
of “may”—give priority to defense proj- 
ects. However, even with the mandatory 


Four-lane bridge relieves traffic congestion at Lorain, 


First to be completed of the two new 
bridges being built over the Black River at 
Lorain, Ohio, is the 1700-ff. continuous truss 
bridge shown above. It provides four lanes of 
traffic, two each way on a 42-ft. undivided 
roadway and eliminates considerable conges- 
tion of local traffic, 

Superstructure of the bridge consists of a 
200-H. spon, two spans of 250 ##., two at 300 
#., and o central span of 400 ft. with a 97-##. 
clearance over the river channel to permit pas- 
tage of /oke ore boats to docks and smelters. 


language of the original toned down in 
the conference committee, state highway 
officials assert that the provision is a 
radical departure from the time-hon- 
ored practice by which the states initiate 
projects, 

The amendment gives the PRA com- 
missioner authority to initiate a project 
which the Army or Navy has designated 
as having defense value, and to “expedite 
the construction of” such projects through 
use of unobligated funds apportioned to 
any state, according to the interpreta- 
tion of spokesmen for the state com- 
missions. 

As an example of the trouble that 
might arise over this, a Missouri case 
is cited. There, the War Department 
wanted to widen and improve a country 
road leading from St. Louis to the air- 
port. Therefore, it approached the state 
highway department and asked that the 
roadway be included in the state high- 
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Hard shale provides a good foundation near 
the ground surface on one side of the river, 
but on the other side pipe piles 50 ft. long and 
12 in. diameter, driven to refusal and then 
filled with concrete, were necessary. These pro- 
vide a bearing load of 90 tons each. Concrete 
piers with a maximum height of about 70 ft. 
support the superstructure. 

Falsework was used to support the side spans 
during construction, but the center span was 
erected as a cantilever of the continuous 
trusses. 


ENR CONSTRUCTION REPORTS © August 29, 1940 


way system, so that a portion of the 
state’s federal-aid highway apportion- 
ment could be used on the $800,000 
project. 

The state highway department refused 
the request, asserting that St. Louis had 
already received more than its fair share 
of the state’s federal-aid funds. The 
suggestion was made that the federal 
government should stand the cost of the 
entire project. 

State highway officials assert that the 
new defense amendment to the law will 
permit the PRA commissioner to bring 
pressure on the state to use its portion 
of federal-aid funds for such purposes. 
They also point out that the annual 
authorization of $163,500,000 carried in 
the bill is $27,500,000 less than author- 
ized annually during the current bien- 
nium, and that the states will therefore 
have money to devote to defense 
projects in 1941 and 1942, the years 
covered in the bill. 

On the other hand, Federal Works 
Agency officials deny that the amendment 
has any such radical intention as repre- 
sented by state officials. They say that 
the power is necessary to take care of 
defense projects, and point out that the 
exercise of it is optional, not mandatory. 

Another section authorizes the Recon- 


less 


Ohio 


The bridge design and its construction were 
supervised by R. L. Harding of Wilbur Watson 
and Associates, Cleveland. The consulting 
architect was F. R. Walker, also of Cleveland. 
The Great Lakes Dredge & Dock Co. built the 
substructure, and the American Bridge Co. 
erected the superstructure, including steel grid 
flooring filled flush with concrete. Harry L. 
Dunham is engineer for Lorain County, the 
owner. 

The work was financed by a county bond 
issue and a 45 per cent PWA grant. 
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struction Finance Corporation to make 
loans to states for the purchase of rights- 
of-way for essential federal-aid projects. 
However, the conferees struck out a 
House provision which would have per- 
mitted the states to put up their federal 
aid apportionments as additional security 
for such loans. Senate conferees objected 
to “placing a mortgage on federal-aid 
funds.” 


How money is apportioned 


The $163,500,000 authorized annu- 
ally is provided under the following 
categories: for regular federal aid, $100,- 
000,000; secondary roads, $17,500,000; 
grade crossings, $20,000,000; forest 
roads, $10,000,000; public land roads, 
$1,500,000; park roads, $4,000,000; 
parkways, $7,500,000, and Indian reserva- 
tion roads, $3,000,000. 

The measure does not alter the present 
50-50 federal-state matching arrange- 
ment, nor does it increase federal aid 
even on projects of national defense 
value. 


Military roads would cost 
$24,000,000 in Ohio 


In response to a request from the fed- 
eral government, the Ohio State Highway 
Department has prepared plans showing 
that estimated cost for reconstruction, 
widening of roadways, pavement and 
bridges, and stabilizing of shoulders of 
Ohio roads needed for military purposes 
would cost $24,000,000 to make them 
meet with the specifications recom- 
mended. 

This amount is in addition to the 
$23,000,000 now being spent for projects 
under construction and in the program 
approved and contemplated under the 
normal highway construction procedure 
during the ensuing five years. The esti- 
mate is for work outside municipalities 
and does not include any right-of-way 
costs. 


Pennsylvania road work 
reaches 10-year peak 


With $50,000,000 in contracts sched- 
uled to be awarded by the end of this 
year, the Pennsylvania State Highway 


Department reports that construction 
work in Pennsylvania has reached its 
highest peak since 1930. According to 
I. Lamont Hughes, secretary of high- 
ways, $32,000,000 of road projects have 
been awarded to date, and construction 
is steadily growing by the award of addi- 
tional contracts at the rate of ten to 
fifteen per week. 

Until this year the highest point in 
Pennsylvania road construction since 
1930 was in 1936 when $28,349,000 was 
expended. 
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for watchmen to prevent sa 


BRIEF NEWS 


A GROUP INSURANCE policy | 
to the 2,100 employees of th. 
State Highway Department | 
table Life. The departme: 
ployees will share the cost 
which totals $7,500,000. 


More than 1,000 less men are employed 
by the Kentucky State Highway Depart- 
ment at this time than a year ago with 
a corresponding payroll reduction of 
$53,000 a month. 

SIGNS MARKING the entra; 
Charleston, S. C. municipal 
at Hanrahan on U.S. Route 52. have hans 
removed by the South Carolina Sto. 
Highway Department as a_ precautioy 
against possible sabotage a; 


East St. Louis & Interurban Water Co, 
which supplies water to East St. Louis, 
Scott Field and other municipalities in 
the vicinity of East St. Louis, is install- 
ing floodlights at its purification plant 


aterworks 


the plant, 


JOBS OF THE WEEK 


JETTY, Westport, Wash. 
Columbia Construction Co., Westport, Wash. was low bidder for reconstructing 
the Grays Harbor North Jetty with a bid of $1,720,354. The Seattle office of the 
U. S. Engineers took bids for the work Aug. 20. 


WARPLANE FACTORY, Dallas, Texas 


Austin Company, Cleveland, O. was awarded the contract for constructing for th: 
North America Aviation Co., Inglewood, Calif., an airplane factory to manufactur 
trainers, fighters and bombers. Cost of the plant, which will be built on a 140-acre 
site on Jefferson Blvd. adjacent to Hensley (army) Field, will be $7,000,000 \; 
equipment. The plant will have about 1,000,000 sq.ft. of floor space and two 6.0). 
runways. 


SEWAGE TREATMENT PLANT, Cranston, R. |. 
Bass Engineering & Construction Co., Detroit, Mich., with a bid of 3657,995 was 
low bidder for constructing a sewage treatment plant for the city of Cransto: 
Everett Higson, chairman of the sewer commission, City Hall, is in charge of | 
work for which Fay Spofford & Thorndike, Boston, Mass., are consulting engineers. 


BUILDINGS, Fort Benning, Ga. 
Williams Lumber Co., Columbus, Ga. was awarded a $2,079,790 contract by tl 
Constructing Quartermaster for constructing temporary buildings at Second 
Armored Division, Fort Benning. The contract specifies that work will begin i: 
ten days and be completed in ninety. 


BUILDINGS, Camp Ord, Calif. 
F. J. Twaits Co., Los Angeles, and Morrison-Knudsen Co., Los Angeles, with a 
contract of $2,731,000, will construct temporary housing facilities, 12 administratio: 
buildings, 177 barracks, blacksmith shops, guard houses, and a hospital. The 
Constructing Quartermaster, Presidio of Monterey, the owner, took bids Aug. 15 


WAREHOUSE, Philadelphia, Pa. 
Wark & Co., Philadelphia, Pa., will construct a warehouse at the Philadelphia 
quartermaster depot under provisions of a $700,000 contract. The Constructing 
Quartermaster, Washington, D. C., awarded the contract. 


EXCAVATING FOR DUCHESNE TUNNEL, Utah 
Utah Construction Co., Ogden, Utah, was low bidder with a bid of $727,519 fo 
excavating from Station 163.35 to Station 32.75 for the Duchesne Tunnel of the 
Provo River Project when the Bureau of Reclamation, Provo, took bids Aug. - 


FLOOD-CONTROL CONDUIT, Hartford, Conn. 
B. Perini & Sons, Inc., Framingham, Mass., was awarded a $2,877,784 contract ' 
constructing a 5,700-ft. reinforced concrete conduit to carry the flow of the Park 
River from Bushnell Park to the Connecticut River. Estimated cost of the wor 
which is being done by the U. S. Engineers, Providence, R. I., is $4,000,000. 


SCHOOLS, New York, N. Y. 

Psaty & Fuhrman, Inc., New York, bid low for the Woodrow Wilson and the Ber 

Franklin high schools, both in New York, with a bid of $1,296,000 and $1,801." 

respectively, when bids were opened Aug. 22 by the superintendent of schuo! 
buildings, New York Board of Education. Although, because contractors demancet 
war protection, no bids were received in June for these two projects, six bids iret 
of protection clauses were submitted on the Benjamin Franklin School and seven 
on the Woodrow Wilson School when the opening was held this week. 


NOTE—Additional bidding and contract news on over 600 projects, large and * 
in the Construction News Section beginning on page 8 
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palmer outlines housing 


plan for defense workers 


Would authorize $150,000,000 for work, which would be super- 
vised by Public Buildings Administration 


The knotty problem of how to provide 
housing for workers engaged in defense 
industry and activities seems a step 
nearer solution following submission of 
4 $150,000,000 defense housing proposal 
to Congress this week by Defense Hous- 
ing Coordinator Cc. F. Palmer. 

In a letter to Speaker Bankhead, 
Palmer enclosed a draft of a proposed 
hil] authorizing expenditure of $150,000,- 
(00 for the purpose, and placing defense 
housing under the Federal Works Ad- 
ministrator and the Public Buildings Ad- 
ministrator, 

Under the bill, the Administrator is 
empowered to acquire land for the pro- 
gam through purchase, gift, or con- 
demnation. Money derived from rentals 
would be returned to the appropriation. 

Importance of Palmer’s plan lies not 
so much in its details as in the fact that 
it would cut the United States Housing 
\uthority out of the defense housing 
field. Because USHA and Congress have 
long been deadlocked over the housing 
issue, the Palmer plan appeals to the 
USHA opposition in the House and 
promises to receive substantial backing 
there, 

USHA’s legislative troubles, which 
started more than a year ago with a 
request for an additional $800,000,000 
authorization for low-rent housing, re- 
cently have spawned a confusing number 
of substitute housing bills. When the 
House rejected the $800,000,000 bill, the 
sum was cut to $150,000,000; but still 
the House refused to act. 

With advent of the defense program, 
various attempts have been made to 
place USHA in charge of defense hous- 
ing construction; an appropriation of 
$100,000,000 is proposed for this pur- 
pose in an amendment to be offered to the 
$5,000,000,000 deficiency defense bill by 
Senator Wagner, of New York, when it is 
taken up in the Senate soon. Palmer's 
proposal is expected to reduce the chances 
of Wagner's amendment materially. 

Another phase of the Palmer plan, 
which is slated for announcement as soon 
as details are worked out, involves use 
of Reconstruction Finance Corp. funds 
to enable defense workers to buy homes 
under the FHA home purchase plan, 
without making the usual 10 per cent 
down payment, 

RFC will set up a corporation to lend 
*quity money for the down payment, and 
the defense worker thus will be able to 
Sorrow 100 per cent on his home, in- 
stead of the present 90 per cent, and 
pay it back in monthly installments. 


This plan will be applied in com- 
munities where the defense program has 
prospects of permanency, whereas, the 
Public Buildings Administration will 
confine its program of constructing rental 
projects to communities where defense 
activity promises to be only temporary. 

As the defense housing coordinator 
submitted his recommendation to Con- 
gress, he was busy strengthening his own 
staff and his own position in the govern- 
ment housing field. His office announced 
the appointment of four housing consult- 
ants—all of them leaders in the housing 
field. 

The foursome are: S. M. Buckingham, 
manager of the Cleveland Terminals 
Building Co. and representative of the 
National Association of Building Owners 
and Managers; M. L. Colean, research di- 
rector of the housing survey for the 
20th Century Fund; Herbert U. Nelson, 
executive vice president of the National 
Association of Real Estate Boards, and 
Coleman Woodbury, director of the Na- 
tional Association of Housing Officials. 


Aircraft firms get 
additional RFC loans 


Included is $51,000,000 to Curtiss- 
Wright, $10,500,000 to Boeing and 
$17,000,000 to Bendix 


Jesse H. Jones, federal loan adminis- 
trator, has agreed to a plan for the 
Reconstruction Finance Corp. to make 
additional loans of $78,500,000 for in- 
creased aircraft production. This is in 
addition to the $92,000,000 loan recently 
made to the Wright Aeronautical Corp. 
for increasing engine production. 

Of the new loans $51,000,000 is to the 
Curtiss-Wright Co., $10,500,000 to Boeing 
Aircraft Co., and $17,000,000 to Bendix 
Aviation Corp. As a result Curtiss- 
Wright plans to expand its Buffalo plant 
and build new plants at Buffalo and 
St. Louis, and in Ohio. Boeing will spend 
$7,000,000 to $8,000,000 for expansion 
at Seattle and $2,500,000 to $3,000,000 
for a new plant at Wichita, Kan. Bendix 
has not announced where its plants will 
be built. 

The War Department has proposed 
that the new plants required for aircraft 
production be paid for by the federal gov- 
ernment in five equal annual payments. 
The plan, which has been approved by 
the acting controller general, calls for 
eventual assumption of title to the fac- 
tories by the government. Despite this 
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fact it is contemplated that the five-year 
amortization schedule, contained in the 
excess profits tax bill now before Con- 
gress, will apply to the plants. 


Road repair board named 
in North Carolina 


Frank Dunlap, chairman of the North 
Carolina State Highway and Public 
Works Commission, W. Vance Baise, 
chief state highway engineer for the road 
commission, and W. L. Craven, the com- 
mission’s bridge engineer, have been 
named members of the special com- 
mittee to have “full powers” in rushing 
reconstruction and repair to North Caro- 
lina highways and bridges damaged by 
recent floods. The three men were ap- 
pointed after Gov. Hoey had assured the 
commission that he would allocate up to 
$3,000,000 from the state’s surplus fund 
to repair damage to the state’s road 
system. 

No definite estimate has been made of 
the total flood damage for the state, but 
it is considered to be far in excess of 
that due to ice and snow during the 
winter of 1939, when $2,332,000 of dam- 
age resulted. 

Baise states that at least $2.000,000 will 
be required to make the roads “service- 
able.” 


Five-ton highway bridge 
stolen in Illinois 


Last week a new duty for Charles 
Sherertz, highway engineer for William- 
son County, IIl., was recovering a 5-ton 
steel highway bridge which had been 
stolen from beside a small stream at the 
edge of Marion, Ill. Sherertz found the 
bridge in a junk yard in St. Louis, where 
the thieves sold one section, which they 
had delivered with a tractor on July 15, 
for $38.70, and two weeks later a second 
section for $54.95. 


Hydraulic Institute offers 
pump essay awards 


To stimulate the interest of younger 
men in the problems of the pump in- 
dustry, the Hydraulic Institute is spon- 
soring a contest with prize awards of 
$100, $50, and $25 for essays of ma- 
terial benefit to the pump industry. The 
papers, which must be received before 
Sept. 30, may be written by any em- 
ployee on the payroll of any member 
of the Hydraulic Institute, excluding 
executives or heads of departments or 
those holding managerial or policy- 
making positions. 

C. C. Rohrbach, 90 West St.. New 
York City, is secretary of the Hydraulic 
Institute. 
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OBITUARY 


Francis F. Maxweti, 69, for many 
years assistant civil engineer for the 
Pennsylvania R. R., died at his home in 
Jacksonville, Fla.. last week. Maxwell 
recently had been connected with the 
Florida State Road Department. 


Mitton FRESHWATER, 62, retired pav- 
ing contractor and president of the old 
Freshwater Construction Co., which he 
established in 1909, died Aug. 15 in 
Broadview Heights, Ohio. 


ALEXANDER R. TayLor, 68, member of 
the Taylor & Baldwin Co., and a former 
state highway director of Ohio, died Aug. 
19 in Detroit. Taylor went to Columbus 
in 1919 to organize the Taylor & Bald- 
win firm, which specializes in building 
materials. Previous to that he served 
as county engineer for Hardin and Han- 
cock counties, Ohio. 


Stertinc C. Lines, 67, consulting en- 
gineer who served as a member of one 
of the investigating committees after 
the St. Francis Dam failure in 1928, 
died Aug. 19. 


Francis L. Mitcer, 70, who retired 
four years ago after service with the 
Pennsylvania R. R. as a civil engineer. 
died Aug. 20 in Los Angeles, where he 
had been making his home since his 
retirement. 


A. B. DeKay, contractor of Helena, 
Mont., and member of the firm of Hu- 
genin & DeKay, architects of Helena and 
Butte. Mont., died recently. He had 
been active in the architectural and 
contracting field in Helena for the past 
25 years. 


H. C. Neurrer, 49, partner with W. R. 
Holway in the engineering firm of Hol- 
way & Neuffer with offices at Tulsa, 
Okla. and Albuquerque. N. M., died in 
Albuquerque Aug. 23. Neuffer, who was 
connected with the Indian Service and 
private irrigation projects in the south- 
west for many years. was designing engi- 
neer for the Coolidge Dam and for six 
years was supervising engineer for the 
Indian Service at Albuquerque. 


J. Arnotp Norcross, 70, consulting 
engineer in the construction and opera- 
tion of illuminating gas plants, died 
Aug. 19 at Dover-Foxcroft. Me.  Fol- 
lowing graduation from Stevens Insti- 
tute of Technology in 1891, he worked 
with the Consolidated Gas Co., New 
York. He became superintendent of con- 
struction for the War Department in 1893 
and later directed construction of the 
gas works for the West Point Military 
Academy. 
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Epwarp THORNTON, 53, assistant en- 
gineer of the city department of water 
supply of New York City, died in that 
city Aug. 20. Following his civil engi- 
neering education at the University of 
Virginia, he worked as construction en- 
gineer on the Panama Canal. 


C. C. Corrrert, 57, manager public 
relations department of the California 
State Automobile Association, died Aug. 
22. Cottrell, a graduate of the Univer- 
sity of Nebraska, for some years was 
state highway engineer of Nevada. 


James C. Pentecost, 65, former super- 
intendent of construction of bridges and 
buildings for the Frisco R. R. and since 
then a building contractor, died Aug. 14 


in Cotter, Ark., while on his va 


Grorce F, Biackir, 70, re: 
engineer of the Nashville, (} 
& St. Louis R. R., died in 


Tenn., last week. 
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Wittiam L, Hancock, 69, re 
sulting engineer for the feders govern. 
ment, died last week at Atlanta. Ga, |p 
1913 he was employed as sou: eastern 
engineer for the T. L. Smith (., \4j. 
waukee, and was later connected with 
Pratt Engineering Co. 


| con- 


JosepH L. SHeprey, 55, president of 
Fielding & Shepley, Inc., highway and 
engineering contractors of St. Paul, died 
recently in that city. 


CONTRACTS AND CAPITAL 


ENGINEERING CONSTRUCTION awards for 
the week total $57,444,000, a drop of 55 
per cent from the near-record volume 
of a week ago, and 14 per cent below 
the total for the corresponding 1939 
week. 

Private construction is up 7 per cent 
compared with a week ago, but is 16 
per cent below the total for the 1939 
week. Public awards are 66 and 13 
per cent lower, respectively, than last 
week and last year. 

The current week’s volume brings 
1940 construction to $2,134,721,000, an 
increase of 4 per cent over the 35-week 
period in 1939. Private awards top a 
year ago by 16 per cent. Public awards 
are 0.7 per cent under last year, in spite 
of a 153 per cent increase in federal 
awards. 

In the classified construction groups, 
waterworks, bridges, industrial build- 
ings and streets and roads report gains 
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over a year ago. Comparisons with the 
corresponding 1939 week reveal increases 
in waterworks, sewerage, and industrial 
buildings. 

New capital for construction purposes 
for the week totals $16,406,000, an ip. 
crease of 34 per cent over the volume 
for a year ago. The current week's 
financing is made up of $9,676,000 in 
state and municipal bonds, and $6.- 
730,000 in corporate security issues, 


CONTRACTS 


(Thousands of dollars) 
Week Ending 
Aug. 31 Aug. 22 Aug. 29 
1939 1940 1940 
$12.990 $79,836 $8,452 


29,791 29.599 28.674 


Federal 
State & Municipal 


$42,781 $109,435 $37,12¢ 


24,228 19,014 20,318 


Total public. ... 
Total private... 


TOTALS 
Cumulative 
DPT sean sam (35 weeks)... $2,134,721 
ME: wanes (35 weeks). ..$2,955,915 


Note: Minimum size projects included 
are: Waterworks and waterways projects 
$15,000; other public works, $25,000: iv 
dustrial building, $40,009; other buildings, 
$150,000. 


NEW PRODUCTIVE CAPITAL 


Cumulative 
1939 1940 
35 Wks. 35 Wks 

$1,021,712 $1,176,759" 
173,578 158,280" 
403,982 599.819 
89,445 
160,852 


$67,009 $128,449 $57444 


NON-FEDERAL 
Corp. Securities. . 
State & Mun.... 
R.E.A, loans.... 
U.S.H.A. loans... 


Fed. Air-Hwy.... 190,000 184,000 
FEDERAL $1,128,028 $808,572 


TOTAL CAPITAL... $2,149,740 $1,985,331" 
* Revised. 
FHA MORTGAGES 
Week Ending 


Aug. 26 <Aug.17 Aug. 24 
1939 1940 1940 


118,501 
3,855 116,159 


Selected for 
appraisal 
Cumulative 
1940 (34 weeks)... 
1939 (34 weeks).... 
+ Subject to revision. 


ENR INDEX NUMBERS 
Index Base = 100 1913 1926 


Construction Cost Aug. 40. .242.15 116 to 
Building Cost Aug. '40..201.71 109 
Volume July, °40. .308 135 


..-$21,798 $28,471 $28,4297 


$848,4157 
$766,479 
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senate adds $15,000,000 construction. 


to supplemental defense bill 


Additions include $11,065,000 for Navy public works, and $3,000,- 


000 for facilities at military posts 


The Senate appropriations committee 
added a total of $20,000,000 of construc- 
tion items to the House-approved §$5,- 
000,000,000 supplemental defense appro- 
priation bill in reporting it to the Senate 
early last week. 

The largest addition was: $11,065,000 
for navy public works construction. Also 
added was a $3,000,000 appropriation 
and a $2,000,000 authorization for con- 
aructing facilities at military posts to 
ore aviation gasoline. 

The public works increases approved 
hy the Senate included an item of $1,- 
750,000 for repairs and replacements at 
Parris Island, S. C., made necessary by 
the hurricane of August 12. 

Other public works projects added to 
the bill were: 


Navy Yard, Charleston, S. C., miscel- 
laneous shipbuilding facilities, $465,000; 

Destroyer base, San Diego, Calif., tem- 
porary storehouses, $500,000; 

Naval Academy, Annapolis, Md., addi- 
tional facilities, $1,985,000 ; 

Naval training station, Great Lakes, 
Ill, improvement of power plants, $450.- 
(00; improvement of sewage disposal 
plant, $125,000; and temporary construc- 
tion and facilities for additional enlisted 
personnel, $1,750,000; 

Naval training station, Newport, R. L., 
temporary construction and facilities for 
additional enlisted personnel, $800,000; 

Naval training station, Norfolk, Va., 
temporary construction and facilities for 
additional enlisted personnel, $1,950,000; 
\aval training station, San Diego, Calif., 
additional facilities, $1,250,000; 

Naval ammunition depot, Charleston, 
Ss. €, ammunition storage facilities, 
$1,500,000; 

Naval torpedo station, Newport, R. L, 
extension of administration building, 
$200,000; extension of barracks for 
school for torpedo men, $150,000; 


Marine Barracks, Parris Island, addi- 
tional construction for increase in Ma- 
rine Corps personnel, $2,000,000. 

Receiving barracks for crews of ships 
going into commission at various loca- 
tions, $2,200,000; and 

Storage for aviation gasoline at various 
locations, $2,500,000. 


Surveying conference 
well attended 


Thirty papers presented as more 
than 60 men representing 31 
colleges meet. 


When the second national surveying 
teachers’ conference opened July 30 at 
the summer surveying camp of the 
Case School of Applied Science near 
Loudonville, Ohio, some sixty-odd men 
representing 31 colleges, 5 business or- 
ganizations and 5 government depart- 
ments, were on hand. Present were 
heads of the departments of civil en- 
gineering, teachers of surveying, men 
responsible for the execution of govern- 
ment surveys, manufacturers of survey- 
ing instruments, and practicing engi- 
neers. Also present were 35 members 
of their families. 

During the seven working days of the 
conference, the first such meeting to 
be held since that at Rainy Lake in 
northern Minnesota three years ago, 
some 30 papers and prepared talks 
were presented. Subjects discussed in- 
cluded surveying practice, the princi- 
ples and technique of teaching survey- 
ing, and design and use of surveying 
instruments, 

Following the committee reports the 
conference adopted proposals calling for 
a recommended “minimum” content for 
certain surveying courses. Also revised 


Surveying teachers go to school for seven days at Ohio conference 
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were the recommendations proposed by 
the 1937 conference *(ENR Aug. 26, 1937, 
p. 334). Adopted was a resolution en- 
dorsing the recommendations for exten- 
sion of government control and_top- 
ographic surveys as made in Senate 
Document 54, a joint report of the 
Secretaries of War, Commerce and the 
Interior. 

An inspection trip to nearby points at 
which laboratory or survey work was 
in progress broke the routine of papers 
near the middle of the Aug. 8 session. 

The conference was conducted under 
the auspices of Committee VIII, Sur- 
veying and Geodesy, of the Civil Engi- 
neering Division of the Society for the 
Promotion of Engineering Education. 
The committee in charge of planning 
and conducting the conference consisted 
of: Charles O. Roth, Jr., of Cooper 
Union Institute of Technology, chair- 
man; Herbert M. Dibert, of W. & L. E. 
Gurley Co.; John S. Dodds, Iowa State 
College; Malcolm S. Douglas, Case 
School of Applied Science; George H. 
Harding, University of Louisville; H. 
Oakley Sharp, Rensselaer Polytechnic 
Institute; and Douglas S. Trowbridge, 
New York University. 


Missouri road body aids 
military employees 


Employees of the Missouri State High- 
way Commission have been assured they 
will not lose their jobs if called for 
active military service. In telling of the 
action the roads commission has reported 
a policy of “granting a leave of absence 
for employees called into the service 
and upon the expiration of such service 
they will be reinstated in the same posi- 
tion and at the same salary received 
at the beginning of the leave.” It is also 
pointed out that “The commission wishes 
it clearly understood that all such em- 
ployees, by reason of having been called 
into the national defense service, would 
not in any way be penalized for such 
service, and the leave of absence would 
in no way affect their seniority or right 
of prior preference over any employee 
who might be promoted.” 


Illinois continues 
mosquito abatement work 


With the cities of Beardstown, Dupo 
and Cairo, considering the formation 
of mosquito abatement districts and with 
six such districts already formed, state 
sanitary engineers of Illinois see a large 
improvement in the abatement work in 
the near future. Action on the part of 
these cities has been voluntary. It is in 
harmony with the plans of the Board of 
State Health Commissioners of the Upper 
Mississippi River Basin. 
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Comment and Discussion 


Readers’ opinions on matters that concern engineers and contractors 





First Bethlehem Waterworks 


Sir: The interesting article in the 
July 4, 1940, issue of ENR, describ- 
ing the new waterworks system for 
Bethlehem, Pa., brings to mind the 
works completed for Bethlehem in 
1761 “after severe struggles” extend- 
ing through seven years. Hans Chris- 
topher Christiansen, a millwright 
from Denmark, was the builder. A 
5-in. lignum-vitae pump driven by 
water power forced spring water 
through bored hemlock logs to a tank 
in the village square 70 ft. above the 
pump. From there it was distributed 
to other parts of the city through 
pitch-pine bored logs. 

The wooden pump was soon re- 
placed by three iron pumps of 4-in. 
bore and having an 18-in. stroke 
made by a local blacksmith at a cost 
of 8£, 12s., 4d. These pumps were 
the first built in the United States 
for a municipal water supply. (A 
gravity supply for Boston was intro- 
duced a century earlier.) 

According to an article published 
in Engineering News, April 29, 1882, 
the earlier works at Bethlehem were 
visited by many notables who in- 
scribed their names in a register. 
Since during the period 1768 to 1782 
those registering included Governor 
Penn and Lady, Gen. George Wash- 
ington, and Washington’s adjutants, 
it would be interesting to know 
whether this register has been pre- 
served. 

M. N. BAKER 


Associate Editor (retired), ENR 
Upper Montclair, N. J. 


Weight of Pile Hammers 


Sir: On p. 54 of the Aug. 1 issue 
is a very interesting article entitled 
“Weight of Pile Hammers.” This ar- 
ticle refers to the studies of the com- 
mittee on bridges and trestles of the 
American Railway Engineering As- 
sociation. 

We are entirely in accord with the 
recommendations that this commit- 
tee has made to the association as 
outlined in the second paragraph of 
the article which refers to the neces- 
sity of having a ram of sufficient 
weight and energy to overcome the 
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inertia of the pile leaving sufficient 
energy to obtain maximum penetra- 
tion per blow without appreciable 
damage to the pile. 

Under the third paragraph headed 
“Steam Hammers” we feel that a 
mistake has been made either in the 
recommendation or in the printing 
of this A.R.E.A. committee report. 
This paragraph states that for driving 
concrete piles the energy developed 
per blow shall be at least 8,750 foot- 
pounds per cubic yard of concrete 
contained in the pile. This is far in 
excess of common practice and, if 
followed, would require hammers 
more powerful than have ever been 
built. A 24-ft. x 24-in. x 54-ft. square 
concrete pile would contain eight cu. 
yd. This is only a medium-sized con- 
crete pile, as a great many piles have 
been driven containing up to 16 cu. 
yd. If the requirements specified were 
in effect an 8-cu.yd. pile would re- 
quire a hammer developing a 70,000- 
ft.-lb. blow, which is far in excess of 
the foot-pound blow developed by 
any hammer so far built. 

Some years ago the Bureau of Pub- 
lic Roads brought out specifications 
stipulating that the blow developed 
by a steam hammer for driving con- 
crete piles should be at least 3,500 
foot-pounds per cubic yard of con- 
crete contained in the pile. We feel 
that even this requirement is exces- 
sive based on our years of experience 
in furnishing hammers for driving 
concrete piles. 

Recently one of the midwest rail- 
roads made a careful study of ham- 
mers for driving precast concrete 
piles and in order to obtain the best 
information possible they used dif- 
ferent sizes and makes of hammers on 
their work. The piles driven were 
30-in. octagonal piles with a 15-in. 
hollow core extending to within 5 ft. 
of the point, approximately 85 ft. 
long weighing about 25 tons and con- 
taining 12 cu.yd. of concrete. Among 
the hammers tried was one of our spe- 
cial 14,000-lb. ram hammers which is 
the heaviest ram hammer ever built, 
and according to the information 
which we received these massive piles 
were driven to the full penetration 
required without any damage to the 





pile although the hammer only ...., »). 
oped a 37,500 ft.-lb. blow. Wir :). 
specifications as outlined in t!, 4; 
ticle referred to, a 37,500 ft.-l} 
hammer could only be used in < 
piles containing less than 4} ©. \4. 
of concrete, although as stated « 
these piles contained 12 cu. 
concrete. . 

We feel that a mistake exists : 
where in these recommendation. and 
would appreciate having the 0))or- 
tunity of discussing this matter \ ith 
the committee making these re: om.- 


mendations as it would undoubtedly 
cause a great deal of trouble and 
needless cost on their piledriving 
work if such specifications were 


adopted by the association. 
L. H. Butrenniem 


Vice Pres dent 
McKiernan-Terry Corporation 
New York, N. Y. 


Safeguarding Utilities 


Sir: With respect to the article on 
“Sabotage and Water Service.” 
(ENR, July 18, 1940, p. 86) I wish 
to commend its timeliness, and the 
farsightedness of the water-supply 
officials who are taking appropriate 
steps to guard their services from 
such destructive tendencies. 

But I would like to inquire if these 
same officials, or others, have given 
serious thought to what they would 
or might do to defend their struc- 
tures from destructive airplane at- 
tacks in case of war? Would they, and 
other utilities as well, depend solely 
upon the armed forces using anti- 
aircraft artillery and defending 
planes? If so, I am afraid that we 
would suffer severe losses of plants 
and service. 

In our country with its vast, far- 
flung array of utility and industrial 
works, it is manifestly impossible to 
concentrate at every vulnerable works 
sufficient planes and artillery for an 
adequate defense. America should 
give serious thought to home-defense 
measures and to a comprehensive 
program of research to develop both 
improved and new methods of local 
defense, as distinguished from the 
mobile professional armed forces. 

There are a number of defense pos- 
sibilities that should be explored in- 
cluding large-scale experiments with 
smoke clouds or artificial fogs. The 
use of artificial fogs in the form of 
“smoke-screens” has been developed 
to a high degree of efficiency !0r 
concealing the movement of troops 
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from the enemy; but the use of smoke 
“blankets” to conceal vulnerable tar- 
sets from airplane observation and 
attacks has received little or no atten- 
tion. With proper research seeking 
the most effective and economical 
method of producing concealing 
smokes, under the conditions re- 
quired and under the various limi- 
tations imposed by the meteorological 
conditions of wind and_ weather, 
much valuable information could be 
secured of great possible value for 
home-defense operations. 

There are a number of other possi- 
bilities of entirely undetermined value 
which will not be imposed upon the 
attention of the reader at this time. 


Homer G. SHOCKLEY 


Professional Engineer 
Brooklyn, New York 


Engineering Council 


Sir: I have read your editorial 
headed “Engineering Council” in the 
Aug. 15 issue. A sense of duty to the 
engineering profession as a whole 
prompts me to express my beliefs con- 
cerning the field of usefulness of 
American Engineering Council. These 
beliefs are based largely on my ex- 
periences while president of the coun- 
cil from 1921 to 1923. I had the 
honor to succeed Herbert Hoover 
when he became Secretary of Com- 
merce under President Harding. I had 
the feeling then, and still have, that 
the usefulness of American Engineer- 
ing Council, not only to the engineer- 
ing profession but to the country at 
large, has never been fully appreci- 
ated by some, if not all, of its mem- 
ber societies. 

So far as I know, there is not an 
engineer in Congress. So, all too often 
I fear, the engineer is looked upon as 
a hired man. And yet, he is respons- 
ible not only for the material struc- 
ture of our modern civilization, but 
for its effects upon our spirital de- 
velopment. And what, may I ask, is 
the engineering profession doing or 
going to do about it? It is not a mat- 
ter for the individual engineer or for 
a single engineering society alone; 
but for all engineers, and all socie- 
ties acting together. I like to think 
that it was in some such spirit that 
American Engineering Council was 
conceived, 

American Engineering Council can 
in the future, as it has in the past, 
perform a great service not only for 
the profession but for the country at 
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large. Through it great help can be 
rendered Congress and the executive 
departments of the government. To 
illustrate: Following the great floods 
on the Mississippi in 1921 or 1922, 
Congress proposed to establish lab- 
oratories for the study of flood con- 
trol; and legislation was introduced 
to that end. Arriving in Washington 
on one of my monthly trips to attend 
Council matters, I found awaiting me 
a message from the chairman in 
charge of this legislation. I went to 
the Capitol at once and was asked by 
the chairman to enlist the backing of 
engineers. I suggested it was a mat- 
ter in which civil engineers were pri- 
marily interested. At that he ex- 
claimed: “I don’t want any one sin- 
gle society behind me; I want the 
entire engineering profession—and 
that, I understand, the Council rep- 
resents.” 


In the first paragraph of your ar- 
ticle you state: “The idea back of 
Engineering Council was good, but 
earily in its career its administrative 
officers tied it so tightly to the polit- 
ical kite of its first president, Her- 
bert Hoover, as to ruin its effective- 
ness as a non-partisan agency.” 

That statement I regard as very 
unfair to Mr. Hoover. I went to his 
office monthly to confer on Council 
affairs and got to know him rather 
intimately. I feel I can justly say that 
rarely in the history of our country 
has there been a man in political of- 
fice less politically minded. And I 
may add that were the engineering 
profession more politically minded 
than it is, the affairs of our govern- 
ment would proceed along quite dif- 
ferent lines. 


In your second paragraph, you say 
the civil engineers were slow to come 
in to the Council at the start. Civil 
engineers are conservative. They and 
the surveyors ahead of them have al- 
ways dealt with matters that devel- 
oped conservatism. Rarely do they 
follow a course of action not based 
on known facts. Thus, they were slow 
in joining and have followed rather 
than led in its development. 


In your third paragraph referring 
to the work of American Engineer- 
ing Council, you say that most if not 
all could have been equally well done 
by one of the Founder Societies. In 
view of what I have said previously, 
it is evident that I do not consider 
this statement correct. The engineer- 
ing profession as a whole can ac- 
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complish vastly more than any one 
of its component parts. 

If American Engineering Council 
has in the performance of its func- 
tions failed, then there must of course 
be a reason for it; as with a machine 
the natural thing is to condition it 
properly. Surely there is no lack of 
ability in the engineering profession 
to bring this about. 

Without going further into detail, 
let me say in conclusion that I am in 
full-hearted agreement with the state- 
ment in your last paragraph: “Before 
it [A.E.C.] is abandoned. it should 
be permitted to demonstrate what it 
can do in the way of keeping engi- 
neers informed as to what it sees and 
hears in Washington.” 

To that I would add it should 
further be permitted to demonstrate 
what it can do as a medium through 
which the voice of the engineering 
profession throughout the entire 
country can be heard, in the halls of 
Congress and in the administrative 
offices in control of national affairs. 

Mortimer E. Coovey 


Dean Emeritus 
College of Engineering, 
University of Michigan 


Honors for Engineers 


Sir: I read in the Engineering 
News-Record of July 25, on p. 128, 
under the head of “Men and Jebs”, 
an account that Perry Ford had re- 
cently been made an honorary mem- 
ber of the “Société des Ingénieurs 
Professionels of France”. 

I was glad to see this note, but 
thought you would like to know that 
at the same time that this honor was 
conferred on Perry T. Ford, the fol- 
lowing members of the National So- 
ciety of Professional Engineers were 
also honored: 


David B. Steinman, Past President, 
N.S.P.E. 
Arthur V. Sheridan, Past President 
John C. Riedel, President 
Samuel I. Sacks, Vice President 
Walter I. Simpson, Treasurer 
Willard S. Conlon, Executive Secre- 


t 


ary 
Robert Hall Craig, Editor, The Amer- 
ican Engineer 


The letter transmitting the hon- 
orary membership was sent in May 
of 1940, probably one of the last acts 
of the Société des Ingénieurs Profes- 
sionnels of Paris, in the Republic of 
France. 

Joun C. Reve. 


President, N.S.P.E. 
Washington, D. C. 
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Making Tunneling History 


TEN able, experienced, and well-financed con- 
tracting organizations are engaged on the Dela- 
ware Aqueduct in building the largest and long- 
est continuous tunnel ever undertaken; 83.8 miles 
is its length from high in the Catskill Mountains 
to New York City. That not all thought alike with 
respect to procedure is evidenced -by the different 
methods in use and the new equipment developed, 
as outlined elsewhere in this issue. The fact that 
each project is at least abreast of schedule is 
evidence of thorough preliminary investigation 
and practical design by the engineers; of careful 
estimating and wise planning by the contractors; 
and above all of a workable contract and effective 
cooperation of an engineering force that knows 
tunneling. At this time most of the known bad 
ground has been passed and excavation on several 
contracts completed so that success of the project, 
without change from the original design plan or 
construction plants, seems assured. 


Watch Your Reactions 


DISCOVERY of the large influence on stresses of 
warping of a bridge during erection adds an 
important item to knowledge of bridge action. 
The discovery involves two facts: first, that a 
substantial amount of warp may develop in a 
bridge during cantilever erection, and second that 
this warp changes the stress distribution seriously 
because of the high twist resistance of a well 
braced bridge. Taken together, these two facts 
mean that in cantilever erection it is well to be 
careful that the contour of the two trusses is 
kept alike. They also suggest that weighing the 
truss reactions when jacking to final position is 
advisable in the interests of efficiency of the struc- 
ture. Conditions such as described by Prof. Wyly 
would not ordinarily arise in falsework erection, 
but any settlement of falsework would disturb 
the identity of contour of the two trusses, and the 
field engineer should take care to prevent it. The 
designer also has an interest in the Illinois dis- 
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covery: the possible stress addition re 
from inequality of reactions due to war, 
cut perceptibly into the safety margin |. \\|e. 
advance allowance is made for it in the w: kino 
stresses chosen for the design. ° 
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Timber Test Opportunity 


WITHIN A FEW MONTHS large timber struc iwres 
with trusses and joints of various types wi!! be 
demolished on the site of San Francisco’s ¢ oi. 
tion. A committee of structural engineers has 


outlined tests that it would be desirable to inake 
on the large timber joints, and, if funds are ayail- 
able, on the entire trusses, which, in the main 
structures, range up to 200-ft. span. When these 
structures were designed certain assumptions were 
made as a basis for calculation, and full-scale 
tests would show what the factor of safety is on 
those assumptions. Much more interest and much 
less cost would attach to this test program than 
in the case of specimens built expressly for labora- 
tory destruction. Altogether, this is a rare oppor- 
tunity to check basic assumptions of structural 
timber design. It would be a real loss to miss this 
chance for full-scale tests. 


High-Speed Engineering 


HIGH-SPEED CONSTRUCTION sometimes calls for 


high-speed engineering, to plan a large volume 


of intricate work at breakneck speed. This is 
especially so when contractor and engineer start 
on the job almost simultaneously. In fact, at times 
in large operations the constructor treads on the 
heels of the engineer, or even steps out ahead. 
as at Fort Peck and Grand Coulee, and the record 
proves that this can be done without serious 
results. But even so, the job done by the bridge 
division of the Pennsylvania Turnpike was a star 
performance, and quite fittingly the pace of R. F. 
Graef’s account in this issue reflects the push and 
drive of the work itself. Designing nearly 300 
bridges in eight months’ time is a record likely 
to stand for a while, and the way in which stand- 
ardization of types was coupled with free adapta- 
tion of type to local conditions makes the record 
additionally interesting. Noteworthy points in the 
work are the commendably heavy loading adopted 
and the extensive use of rigid frame structures. 
The latter confirms the strength of position which 
the rigid frame type has gained, though the com- 
parative costs given indicate that economy is nol 
a controlling consideration. 















Bottleneck in Congress 


NATIONAL DEFENSE CONSTRUCTION is advancing at 
only half speed as a result of congressional dally- 
ing over legislation relating to conscription, excess 
profits and amortization of investments in war 
industry plants. The quick appropriation of money 
which resulted in the rapid letting of contracts on 
naval base construction and a good beginning on 
army construction work is not being matched by 
similar action that would speed up industrial plant 
expansion. Probably the answer lies in the fact 
that it is always good politics to appropriate money, 
while Congress can’t decide what is the best poli- 
tics on the questions that now confront it. At any 
rate the failure to get needed construction under 
way rests solely on the shoulders of Congress. 

Take the matter of barracks, for example. It 
was not until last week that the War Department 
could feel certain enough of congressional action 
on the bill giving the President power to call out 
the National Guard for peacetime training to 
contract for any living quarters. Passage of this 
bill was almost a foregone conclusion, yet it has 
taken six weeks for it to get through the con- 
gressional mill. It is equally certain that a con- 
scription bill will be passed, but Congress con- 
tinues to debate inconsequential points while con- 
tracts for hundreds of barracks are held up. 

Then there are the subjects of excess profits 
taxes on all war business and the amortization 
schedules on plants built exclusively for muni- 
tions manufacture. For some inexplicable reason 
both are hooked together in the same bill. Excess 
profits present a difficult question that only care- 
ful study and debate can solve; that will take 
time and has no real relation to industrial plant 
expansion. An amortization period, on the other 
hand, could be agreed upon in 24 hours, and it 
has a vital effect on factory building because 
industry, which will take a chance on profit, can- 
not and should not gamble with its investment 
ina plant that will be but an idle barn when war 
orders cease. If Congress would settle the amor- 
tization question in a separate bill, factory con- 
struction would leap ahead. 

The broad consequences of congressional fail- 
ure to implement the national defense program 
by every means possible and with greatest speed 


are so overpowering that the effect on the con- 
struction industry is unimportant by comparison. 
Yet it is of some importance that the new soldiers 
will need barracks the very first thing and that 
munitions of war cannot be manufactured until 
the plants are built. Every day’s delay means that 
much more high-pressure work, with the ever- 
present possibility that no amount of effort can 
meet the desired construction schedules. If during 
this time Congress should be interested in the 
location of the bottleneck it will need only look 
in a mirror. 


Wage-Rate Uncertainty 


THE BASIC cost-plus-a-fixed-fee contract for Army 
emergency construction contains clauses relating 
to wage rates that need to be clarified if delay 
and trouble for the contractors are to be avoided. 
The contract provides that “wage rates not less than 
those established by the Secretary of Labor” shall 
be paid. This provision appears innocent enough 
until read alongside two subsequent clauses. One 
of these clauses says that if the contractor is 
found to be paying wage rates less than those set 
by the Labor Department the contract may be 
canceled, in which case the contractor will be 
liable to the government for excess costs resulting 
from having to take over the contract; the other 
clause says that if the contractor pays more than 
the prescribed rate the excess comes out of his 
own pocket. Obviously, unless wage rates are 
fixed right at the start of the job, the contractor 
may run foul of one of these provisions. 

Contractors who are offered these contracts 
should urge the Army to be clear and definite with 
respect to when and how wage rates are to be estab- 
lished. A desirable change would be substitution of 
the plan followed by the Navy under which the 
contracting officer himself fixes rates. But if wage 
fixing is to be done by the Labor Department, the 
contract should set the date before which the rates 
shall be prescribed, and it should contain a pro- 
vision protecting the contractor against losses due 
to changes in the rates made during the life 
of the contract. Such provisions will injure no 
one, indeed will make for increased economy and 
efficiency. 
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Fig. 1. Completed trans-Evergiades road of rockfill with a bituminous surface treatment. 


New 69-Mile Everglades Highway 


Contents in Brief—A new road through the Florida Everglades shows the 
latest development in road structure for this great swampland area, a rock- 
fill in a muck trench excavated to rock. Dragline excavators and drillboats 
take the place of the more familiar grading machines in this type of highway 


construction. 


A NEW HICHWAY is being completed 
through the Florida Everglades. This 
is the major roadbuilding operation 
in America’s greatest marshland area 
since the construction of the Tamiami 
Trail some fifteen years ago intro- 
duced distinctive methods and equip- 
ment for swamp road construction. 

The map, Fig. 2, of southern Flor- 
ida shows the three notable high- 
ways of that section of the state. The 
new Everglades road connects with 
cross-state road 25 at South Bay on 
Lake Okeechobee, and runs south to 
Miami and Fort Lauderdale. The 
Tamiami Trail is shown extending 
west from Miami to the Gulf coast 
and then north to _ Myers. The 
map also shows the unique overseas 
highway to Key West described in 
Engineering News-Record, Sept. 2, 
1937, which is coupled in construc- 
tion interest with these great morass 
highways. 


Route and structure 


From South Bay to connections 
with the entrance roads to Miami and 
Fort Lauderdale, the New Everglades 
highway is 69 miles long. From 
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South Bay to Fort Lauderdale the 
route parallels the North New River 
Canal; sections A and BR, Fig. 2, em- 
brace this part of the road. Section 
C, 13 miles long, is across open 
marsh, The excavation for the road 
along the canal is 60 ft. away from 
the canal prism and the rock for 
the road fill is dug from the rock 
bottom of the canal or taken from 
the old spoil bank. The 13 miles of 
highway across open marsh is in 
excavated trench to rock and the fill 
is made from rock excavated from 
the bottom of a parallel borrowpit 
trench. In all cases the roadway fill 
is 30 ft. wide on top, which is set at 
an elevation 2 ft. higher than any 
known high water, and it has 1 on 
4 side slopes. 

The Everglades are essentially a 
huge rock saucer which is filled with 
the decayed vegetation of ages on 
which grows saw grass and flags. At 
high water the muck bed is sub- 
merged and the water appears in 
pools and ponds among the grass and 
flags; always the muck, which is 
from zero to 10 ft. deep to rock, is 
soft and, except for occasional hum- 
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mocks, is dry only in its top part. 
To keep the water level down for 
truck farming, the state of Florida 
has at various times 
drainage canals from the interior of 
the swamp area to the ocean. Several 
of these canals are indicated on Fig. 
2. The canal cut is made only 
through the muck until it shallows 
as the rock bottom slants up toward 
the edge of the saucer and then the 
bottom cut is deeper and deeper in 
rock. For example, the North New 
River Canal paralleled by the new 
road was cut only to rock for about 
the length of Section A, Fig. 2; then 
for Section B, Fig. 2, the bottom cut 
was in rock with spoil banks on both 
sides. These banks are mentioned 
because they influenced the methods 
of road construction described later. 

The rock under the Everglades is 
a limestone in the sense that it is pre- 
dominantly carbonate of lime from 
coral and shells, with intrusions of 
flint. It varies widely in structure and 
degree of hardness but it all requires 
blasting for economical excavation. 
Generally, this rock, when excavated 
wet and so deposited in a wet trench 
for road fill, is soft enough to co- 
alesce and settle down into a compact 
embankment. Then to make a road, 
the rock surface is scarified, shaped, 
rolled and water bound, and given 
a tar primer to bond a single bitu- 


constructed 
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Fig. 2. Southern Florida showing the swamp roads of the Everglades and the 
unique overseas road to Key West. 


minous treatment with a stone cover. 

Parts of the road made from dry 
rock, taken as stated from the old 
canal spoil banks along Section B, 
required a rolled fill. The dry rock 
was spread in 8-in. layers the full 
width of the cross-section and the 
layers were compacted by bulldozers 
and rollers. Also the specifications 
required that: “No rock that will not 
pass a 12-in. ring shall be placed 
within the top 4 ft. of the completed 
embankment; no pieces of rock that 
will not pass a 6-in. ring shall be 
placed within the top 2 ft. of the com- 
pleted embankment, and no pieces of 
rock that will not pass a 3-in. ring 
shall be placed within the top 12 in. 
of the completed embankment.” 

As shown by Fig. 2, the road was 


Dragline 3 Dragline 2 
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constructed in three sections, A and 
B parallel to the North New River 
Canal, and Section C across open 
swamp. In section A, 35 miles, the 
parallel canal had been excavated 
only to rock, and borrow for the 
road fill was obtained by widening 
the rock bottom of the canal and 
deepening it to 16 ft. below road 
grade. The work was done by con- 
tract with The George D. Auchter 
Co., Jacksonville, Fla. 

In Section B, the rock for road 
fill was obtained from the rock spoil 
banks of the canal completed several 
years previously. In this section of 
canal the upslant to the edge of the 
rock saucer made a bottom cut in 
rock necessary—very shallow in 
Section D and then increasingly deep- 


Drillboat 


Fig. 3. Schematic diagram of main equipment operations on a section of the new Everglades highway. 
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er east to the saucer edge. The shal- 
low rock cut of Section D made it 
necessary to use rock from both spoil 
banks for the road fill. The contrac- 
tor for Section B was the Badgett 
Construction Co., Memphis, Tenn. 
This section was 21 miles long. 

With Section C the work departed 
from the drainage canal and struck 
across swamp for 13 miles. Here, 
for 8 months of the 14 months re- 
quired to complete the work, water 
stood on the surface in ponds and 
pools and the muck cover was from 
1 ft. to 10 ft. deep. A cut to rock 
30 ft. wide, with 1 on 1 side slopes, 
was made for the road fill and a par- 
allel cut 50 ft., with 14 on 1 side 
slopes, was made for the rock borrow. 
The two cuts were 125 ft. apart. 
center to center. The contractor was 
again The Geerge D. Auchter Co. 


Plant and methods 


This marsh roadbuilding was al- 
most a water-borne plant operation. 
The most completely water-borne 
operation was Section A, and this is 
described as typifying characteristic 
methods and machines. Three drag- 
line excavators and a drillboat were 
the main equipment and they oper- 
ated in the order shown by the dia- 
gram, Fig. 3. 

Dragline 1, working ahead in a 
succession of loop movements, each 
covering about half a mile of road, 
performed three tasks. On the first 
forward trip, a-b, Fig. 3, it cleared the 
canal of the tangled growth of water 
hyacinth which clogs most Florida 
streams. Looping back from b to 
c the dragline cleared the rock bot- 
tom of the canal of its accumulated 
mud, On the second forward trip, 
ce-d, the machine dug the channel for 
the road and then swung from d to e 
for another series of operations. With 
the canal cleared to rock bottom the 
drillboat drilled and blasted the bor- 
row rock for road fill. Draglines 2 
and 3 dug the blasted canal rock and 
placed it in the rockfill. Machine 2 
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Fig. 4. A bridge spanning the borrowpit 


make the road fill. 


cleaned the road cut of its last bot- 
tom mud and placed the first rockfill; 
Machine 3 then did the main filling. 

Dragline 1 had a 60-ft. boom and 
a 2-yd. bucket for digging and a 
job-made special bucket for hyacinth 
removal. This special bucket had a 
grid bottom of round rods so that 
the water would drain out quickly in 
lifting a mass of plants. In opera- 
tion, the dragline tore the plants 
loose from the bottom and men in 
pushed them together into 
masses on top of the water, from 
where they were dipped by the grid 
bucket and wasted. A standard Red 
Arch bucket was used for digging 
the muck. Machine 2 had a 70-ft. 
boom and a 2-yd. Page bucket. and 
Machine 3 had a 100-ft. boom and 
used both Page and Red Arch 4}- 


boats 


Fig. 5. Rock in the canal spoil bank was screened and conveyed by belt to 
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cut carried drills for rock blasting to 


yd. buckets. All the draglines were 
operated from mats made up of 3x6- 
in. timber in laminated sections 10x 
20 ft. and 9 in. thick. 

The drill barge virtually spanned 
the width of the canal. It had three 
drills carried on a truck along the 
deck and operated by two air com- 
The holes were drilled 
through 8 or 9 ft. of water in lines 
across the canal; they were drilled 
5 ft. apart and 8 ft. deep; the blast- 
ing charge was 12 sticks of dynamite 
per hole. All operations of the drill 
barge, the draglines and other plant 
were 24 hr. a day and 6 days a week. 

On Section B, Fig. 2, somewhat 
different conditions influenced the 
selection of plant. Dragline opera- 
tions in digging the trench for the 
roadfill were not essentially different. 


pressors. 
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but as rock from the spoil ba; 


the canal was used for the {fill 

was no hyacinth or mud re 
from the canal and no amou 
drilling for borrow rock. Gen: 
there was enough rock for the 

fill in the spoil bank adjacent | 

fill. On part D of Section B. 

the rock cut in the canal was 
low, there was not enough fil] ja. 
terial in one spoil bank and jth 
were drawn upon. A screening plant, 
Fig. 5, was installed on the far }ank: 
a belt conveyor took the screened 
material across the canal to the road 
fill, and screen rejects (over |2-in. 
size) were returned to the spoil 
bank. A bulldozer on the roadfill 
leveled off the discharge from the 
belt conveyor. 

Section C, unlike the others, was 
across open swamp that had never 
before been excavated. Two cuts 
were made through the muck to rock. 
one for the road fill and a parallel 
excavation to expose borrow rock 
for the fill. This rock was drilled 
from a bridge spanning the cut and 
resting at the ends on flat cars on 
bankside tracks. The cuts and rock- 
fill were made by draglines. 

These fine examples of marsh road- 
building have been designed and 
constructed under the direction of 
the Florida state road department. 
J. H. Dowling, state highway engi- 
neer, E. C. De Garmo, 
engineer. We are particularly obligat- 
ed to Earl Hendrickson, project en- 
gineer, for details of the operations. 


division 


the road fill on one section of the highway. 
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Fig. 1. Not snow but the white sand of Gary piled around the digestion tanks, |n the foreground are the aeration tanks. 


Garbage Grinding at Gary 


Contents in Brief—Newly developed equipment for more economical op- 
eration is incorporated in the Gary, Ind., activated sludge treatment works, 
where garbage will be handled along with sewage wastes. It is estimated that 
the gas produced by grinding garbage at the plant for ultimate digestion 
will have an annual value of over $13,000. The following highlights of plant 
design are from a description given by L. R. Howson, consulting engineer, 
before the Central States Sewage Works Association. 


GARBAGE GRINDING FACILITIES, use of 
stationary tube diffusers for aeration 
and automatic control are features 
of the new activated sludge sewage 
treatment works now under construc- 
tion at Gary, Ind. 

The basis of design is as follows: 
population, 170,000 (now 100,000) ; 
average flow, 40 mgd; peak flow, 
60 mgd; settling and pumping ca- 
pacities, 90 mgd; 5-day B.O.D. 
111 ppm; suspended solids, 120 ppm. 
Gary is sewered on the combined 
plan. 

Of special interest in the plant are 
a screening chamber which houses 
five comminutors so designed that 
under the maximum rate of flow of 
60 mgd the loss of head will not ex- 
ceed 15 in.; use of low pump inlet 
velocity of 7 fps because of the high 
suction lift of 14 to 16 ft.; and auto- 
matic float controls for the gas en- 
gine units. 

Under the Indiana Sanitary Dis- 
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trict Law the Board of Commissioners 
is charged with disposal of the gar- 
bage, as well as the sanitary wastes. 
Engineers recommended that “the 
least expensive and the best plan for 
garbage disposal for Gary would be 
to grind the garbage into the sewers 
for disposal with the sewage and that 
the remaining combustible refuse 
should be burned in the present in- 
cinerator.” ¢ 

So far as the sewage treatment 
plant is concerned, this recommenda- 
tion involves the installation of a 
grinding station over the main sew- 
er at the entrance to the sewage treat- 
ment plant grounds and the construc- 
tion of three additional digesters. Not 
the least among the factors leading to 
the above recommendation was the 
value of the additional gas which 
would be secured from digestion of 
the garbage solids. It was estimated 
that the value of this would amount 
to from $13,000 to $19,500 per year, 
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in terms of equivalent power other- 
wise purchased. 

Chief among the automatic fea- 
tures are the provisions made for 
control of pumping. Each sewage 
pump is provided with an automatic 
cone type discharge valve. Pumps 
will be primed continuousiy. The 
motor-driven pump switch circuits 
will be interlocked with the solenoid 
circuit of the discharge cone valve, 
and the priming valve switch circuit 
is connected with the motor control 
to prevent starting of the pump when 
not fully primed. 

The priming valve switch of the 
gas engine-driven units is interlocked 
with the engine ignition circuit so 
that the engine cannot be started un- 
less the pump is primed; the engine 
is also interlocked with the cone 
valve solenoid circuit so that the 
valve will start closing immediately 
when the engine is shut down manu- 
ally or otherwise. Noise and vibra- 
tion of the gas engine units are re- 
duced by mounting on spring vibra- 
tion dampers. 

The two mechanically-cleaned grit 
washers in chambers providing for 
l-min. detention, have dragline con- 
veyors pulling the grit to a sump 
from which it is elevated by worm 
screw conveyors to an elevation which 
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permits of discharge into dump cars. 
A primary settling period of 1 hr. 
is provided. The four primary clari- 
fiers are of the central radial flow 
type. 


Stationary diffuser tubes 


Aeration tanks are ten in number, 
each 30 ft. wide by 15 ft. water depth 
and 300 ft. long. Basins are of the 
spiral-flow type with air diffusion 
through 225 stationary diffusion 
tubes 3 in. in internal diameter by 
24 in. long. 

The tubes are staggered along the 
header so as to give a spacing of | 
ft. 4 in. The permeability rating of 
the tubes is 40. The design is based 
upon a normal use of air at the rate 
of 0.4 cu.ft. per gal. of sewage with 
sufficient capacity provided in the 
air header and the tubes to take care 
of 1 cu. ft. The retention period in 
the aeration tanks is 5 hr. for the 
sewage plus 25 per cent return sludge. 
Tubes are set 24 in. above the floor 
of the aeration tanks. 

Factors affecting the selection of 
fixed tubes instead of plates for air 
diffusion at Gary include: (1) sav- 
ing in first cost estimated at $15,000; 
(2) some saving in annual cost be- 
cause of 2 ft. less head on the blowers; 
(3) advantages during periods when 
tanks are cut out of service as will 
frequently be the case at Gary in the 
early years of low-flow operation. 

The secondary settling tanks du- 
plicate the primary tanks but are of 
double the capacity with equivalent 
daily rates of 900 gal. per sq. ft. Of 
the six 125,000-cu.ft. circular digest- 
ers, two have floating covers for gas 
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Fig. 3. Four clarifiers of the central radial flow type are shown in the foreground. 
At the rear, screen house and grit chamber. 


storage of 70,000 cu.ft. each. The 
roofs of the four fixed-cover digest- 
ers are of flat slab on columns of re- 
inforced concrete construction, which 
comparative figures indicated are 
materially less costly than _all-steel 
construction, 

The total sludge digestion capac- 
ity is equivalent to 4.5 cu.ft. per 
capita for the 170,000 population de- 
sign capacity. 

The treatment plant site is covered 
with fine lake sand extending to con- 
siderable depth. It was unnecessary, 
therefore to underdrain the sludge- 
drying sand beds. The sludge bed 
has an area of 340,000 sq.ft., equiv- 
alent to 2 sq.ft. per capita. Indus- 
trial tracks are laid to a dump and to 
a concrete loading platform. 

It is anticipated that at Gary there 
will be a real demand for sludge, as 
with the drifting character of the 
sand surface it is necessary to haul 
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in quantities of black topping dirt. 
Sludge can be used for this purpose. 

The cost of the sewage treatment 
project exclusive of the $175.00 
garbage grinding plant is $1,715.545, 
equivalent to $42,816 per l-mgd ca- 
pacity. 

The Indiana Sanitary District Law 
sets up an appointive non-political 
board of engineers for administra. 
tion. At Gary this board consists of 
Ralph Rowley, engineer for the IlIli- 
nois Steel Co., W. F. Cottington, for 
over 20 years city engineer, and Boyd 
E. Phelps, an engineer with a hack- 
ground of construction experience 
principally in highway work. Al- 
vord, Burdick and Howson are engi- 
neers, with W. W. Mathews as their 
resident engineer in charge of con- 
struction. The principal construc- 
tion contracts are held by the Per- 
manent Construction Co., and Strand- 
berg and Spencer, Inc., of Chicago. 
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Fig. 2. General layout of the Gary sewage and garbage disposal plant. Extra digestion tanks are provided to accom- 
modate ground garbage, and the resulting gas generated will have a value of over $1,000 a month. 


NEWS-RECORD 


INEERING 





















Why Building Costs Are High 


Jacob Mark 


Professional Engineer, Brooklyn, N. Y. 


Contents in Brief—Building remains low in the face of demand and need 
for millions of housing units because of excessive costs. Causes of high costs 
include interest rates and service charges, wage rates and union rules, un- 
progressive code requirements and restrictive practices of material men. 


THE BUILDING INDUSTRY is news not 
because of the great quantity of 
building, but because of the relative 
lack of-construction. This is true in 
housing despite the large number of 
jobs which are now in progress. Sta- 
tistics indicate that the best recent 
years have shown less than one-half 
the building volume which prevailed 
in any of the years of the decade prior 
to 1929. 

Millions of housing units are 
needed and wanted. Yet, while all in- 
dustry except construction has been 
stepped up to near the 1929 level and 
while there is a greater need for hous- 
ing than for any other commodity, 
that need is not being filled, and 
great numbers of building trades 
craftsmen and technicians remain 
unemployed. 

The basic reason for the inability 
of investors and speculators to fill the 
needs of waiting customers lies in 
high costs of construction, which 
raise the price of housing above what 
prospective tenants or purchasers can 
pay. Manual-labor methods in house- 
building that carry over from the 
Egyptian period are in part respon- 
sible for these excessive costs. The 
average family has earnings of about 
$1,500 per year or about $4 per day; 
the head of such a family cannot get 
a fair exchange for his labor in the 
purchase of living space built with 
hand labor earning two or three times 
as much. 


Money costs too much 


One of the factors of high building 
costs is the price of building money. 
On privately financed projects lend- 
ing institutions charge interest rates 
between 44 per cent and 6 per cent, 
in addition to servicing charges. 
These rates are high, despite the offi- 
cial support of such rates by the 
FHA. Banks, paying only 2 per cent 
interest to depositors, have a greater 
spread between interest paid and col- 
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lected than they had prior to 1929. 
If interest could be lowered 2 per 
cent, one of the continuing heavy 
costs of housing could be reduced. 

Title companies still exact charges 
for title policies, without which loans 
will not be made; this despite the 
fact that most title companies went 
under in the last decade. They have 
prevented adoption of state registra- 
tion laws which could save home buy- 
ers sizable sums. 

In the present money market the 
FHA and local housing authorities 
sell short-term housing obligations at 
interest rates of less than 4 per cent 
per annum, yet the same institutions 
that buy these obligations will not 
lend to private enterprise for ten 
times such rates. Thereby they re- 
strain private enterprise and encour- 
age government building. 


The labor factor 


A second factor of high cost is the 
attitude of field labor. The building 
trades unions have succeeded in pro- 
curing agreements providing for 
wages of $1.75 to $2 per hour which, 
together with social security pay- 
ments, unemployment insurance, com- 
pensation insurance and normal over- 
head means an average cost of $2.50 
per hour per man. A goodly part of 
the work on building is hand labor 
and can be expedited only with great 
difficulty. 

On small projects these rates are 
not enforced, and much work is done 
at lower scales of pay. This situation 
has recently been recognized by the 
CIO, which is offering agreements 
for lower pay on small projects. The 
AFL has held conferences endeavor- 
ing to meet the CIO competition by 
establishing lower scales of pay for 
suburban or small projects. Labor is 
beginning to realize that with reason- 
able pay scale the men will spend 
more time working and less time look- 
ing for jobs. But at present the estab- 
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lished high scales of pay are a con- 
tributing cause of unemployment of 
building trades workers, and they 
keep costs up. 

Even more than wage rates, juris- 
dictional disputes and arbitrary labor 
rules continue to plague builders and 
raise the cost of construction. Each 
union makes its own laws, subject to 
no authority but the whims of the 
union leader. The delegate of each 
craft carries his little book in which 
the work claimed by his union is 
listed. As such work may be listed 
in several of the books of different 
crafts, the owner is frequently con- 
fronted with stoppage of his work, 
and sometimes pays two trades for 
similar work. He spends much time 
in adjusting disputes which he had 
no hand in raising. 

To indicate how costly these dis- 
putes and practices are, a few only 
will be cited. The carpenters are con- 
tinually at loggerheads with other 
trades where substitutes for wood are 
involved. They also raise conflicts in 
cases where other trades have to cut 
wood in order to install their work. 
A notable dispute of this sort took 
place at the Woodside (L. I.) housing 
development, where carpenters re- 
fused to permit steamfitters to cut 
wooden joists to give proper pitch to 
the steam pipes. 

Electricians and plumbers will not 
permit laborers to handle refriger- 
ators from truck to apartment. Elec- 
tricians force the owners to provide 
maintenance men if overtime work is 
done, in order to be ready to replace 
blown fuses; that is about as reason- 
able as if every householder were re- 
quired to keep a pair of electrical 
maintenance men on duty at all times. 
The electrical fixture man not only 
restricts the number of fixtures which 
a man may hang in one day, but he 
also restricts the plants which may do 
the wiring. 

The tile setters have for years es- 
tablished a rule which permits the in- 
stallation of only one bathroom of 
wall tile per day’s work. The metal 
lathers have rules which keep that 
union in conflict with other trades 
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and which force cutting, bending, and 
fabrication of rods and other metal 
shapes to be done in the field. A 
recent dispute took place on a large 
city housing project where metal clips 
were used to fasten base. These clips 
had been stamped and preformed. 
The metal lathers tied up the job for 
a week; finally a labor mediator de- 
cided that the metal lathers were 
right, and a man from their union 
was assigned to the plant in order to 
perform the work under their union 
jurisdiction. 

Plumbers and steamfitters have 
succeeded in continuing the practice 
of cutting and fitting small pipe work 
at the building site. There is no more 
reason for field fabrication of pipes 
than there would be for field fabri- 
cation of structural steel. Substantial 
savings could be made if fabrication 
and assembly of plumbing and 
steamfitting units were done from 
the engineer’s drawings and the work 
delivered to the building for easy 
installation. 

Steamfitters and elevator mainte- 
nance men exact a toll from builders 
between the time when the equipment 
is ready for operation and the time 
when a certificate of occupancy is 
granted. During such period the ele- 
vators, even though they may be auto- 


matic, must be operated by an ele- 


vator constructor. If there is over- 
time work, an electrician and a helper 
must also be kept at hand, in order 
to watch for any fuse or wire trouble. 
The steamfitters exact pay if a plant 
has to be fired should any seasonal 
heating be necessary. If the owner 
attempts to heat his building over a 
week-end without engaging the union 
crew at double time, the contractor is 
fined. 

There are any number of other 
local rules that cause increases in 
building costs, but enough have been 
mentioned to indicate how they oper- 
ate to push costs upward. And in 
addition to hampering building by 
rules, the unions also resist training 
apprentices, thus placing a premium 
on the available skilled men. 


Excessive code requirements 


Costs are made high also by archaic 
building codes. Even the latest New 
York Building Code discourages the 
economic application of sound prin- 
ciples of construction for fireproof 
buildings. It calls for 3-hr. protection 
for columns and other main supports, 
which precludes taking advantage of 
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the economy of metal lath and stucco 
with air space as protection. An at- 
tempt was made to introduce what is 
known as Class 2 firesafe construc- 
tion, but so many prohibitory provi- 
sions were added that there is no 
economy in extensive use of the new 
permitted construction forms. 


Material prices too 


Combines of material men in re- 
straint of trade, which have made so 
much news through recent prosecu- 
tions by the U. S. Department of 
Justice, have also helped to increase 
building costs. Peculiarly, the in- 
creases are not due primarily to the 
raising of material prices, for these 
have been quite stable over a long 
period of time. For example, the 
wholesale price index of the U. S. De- 
partment of Labor for 1939, using 
1926 as value of 100, gives iron and 
steel 95.8 per cent, pipe about 97 per 
cent, boilers 90.9 per cent, water 
closets 61.5 per cent, radiation for 
steam or water 96.9 per cent, tube 
66.7 per cent and brick 90.8 per cent. 
Most lumber has also been below the 
1926 average. 

But while basic prices thus are not 
high, material costs have been in- 
creased by practices of the contractors 
which provide them with a greater 
spread between cost and selling price. 
The principal ones were open price 
associations—bodies whose members 
exchanged information with one an- 
other before submitting bids—limita- 
tion of the number of bidders accord- 
ing to lists agreed upon by conference 
among material men, jobbers, sup- 
pliers, manufacturers and unions. 
Such combines were made effective 
by quiet coercion, which in many 
cases was a perfectly good club. 

It must be remembered that the 
private owner, always working 
against time, has not the resources to 
combat the combines that are set up 
against him. In some cases the 
unions will refuse to supply labor 
where the contractor or owner has 
awarded work to a non-approved sub- 
contractor. The material men _ will 
assist by not supplying materials to 
other than approved subcontractors. 
The plasterers’ union has tried to 
make effective a rule whereby smooth 
concrete ceilings may not be used, in- 
sisting that the ceiling be plastered, 
despite the fact that smooth concrete 
has been effectively and economically 
used. The metal lathers and plaster- 
ers have been known to sabotage 
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and wreck jobs on which co: \.4; 
were awarded to unapproved .,}. 
contractors. 

Unfortunately on city housin. and 
federal housing jobs the practi... of 
material men and labor have bev), ot 
only condoned but encourage) |p 
the Federal Housing Administ; ..)jon 
jobs the high labor costs are fix: hy 
government contract. 

The list of elements of high }),jId. 
ing cost that has been mentioned : ould 
be expanded to include many jyore 
examples, Their net effect will not he 
cleared unless there is a way found to 
control and subdue them. It is easier 
under present conditions to build a 
project in the suburbs where the 
forms of construction may be primi. 
tive than to attempt the elimination 
of slum areas and substituting mod. 
ern housing. 


No help from public housing 


Public housing authorities are not 
disturbed by high costs. While they 
would like to get more housing for 
their dollars, these authorities do not 
go beyond procuring competitive bids 
from general contractors, who are 
obliged to work under conditions 
that make high costs inevitable. The 
private investor obviously can not 
compete with government agencies, 
for numerous reasons: 

1. He has to pay taxes on the full value 
of the improvement. 

2. He has to pay interest on a basis of 
4% per cent to 6 per cent without subsidy, 
whereas the government projects are sub- 
sidized for their interest. 

3. He is subject to foreclosure if during 
any period the property can not earn the 
carrying charges. 

4. He must get a greater rental than the 
government projects in order to meet the 
higher charges. 

5. He can not pass the higher costs on 
to the public, whereas the government 
project need merely get a higher subsidy. 


To overcome such disadvantages, 
the investing builder will have to find 
a way of reducing building costs 
through the elimination of some of 
the causes of high costs as mentioned. 
Failing in that, building will have to 
go forward on a_ subsidy basis. 
Whether the subsidies are handed out 
directly in the form of tax remission 
or as payments for the purpose of 
meeting interest, or as outright grants, 
or guaranties to the lending institu- 
tions of their mortgages at high inter- 
est rates, will make no material <differ- 
ence to the taxpayer. He will ulti- 
mately pay the bill for the housing 
subsidies which are now being s¢t up. 
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Fig. 1. Stepped vertical face cuts carved through loess bluffs for new lowa highway, 


lowa Road Carved Through Loess Bluffs 


Contents in Brief—To prevent side erosion in deep cuts in loess soil, the 
lowa state highway department called for stepped slopes with vertical walls 
on the relocation of Route 127 west of Magnolia. The result, in cuts up to 


80 #t. deep, is the most spectacular highway in lowa. 


Vertical slopes and 


smooth benches on the steps were formed with standard grading equipment 
—carrying scrapers and road graders—with no hand trimming required. In 
one deep cut drainage from above is taken by corrugated iron drop pipes. 


THROUGH THE LOESS BLUFFS that 
form the eastern ramparts of the 
Missouri River valley in southwestern 
lowa a new highway has been carved 
through the wind-deposited soil as if 
it were so much Swiss cheese. In most 
spectacular fashion side slopes of 
cuts up to 80 ft. deep have been 
stepped down in 15-ft. benches with 
vertical walls and smooth floors that 
slope slightly downward away from 
the outer rim of each bench to keep 
surface waters from flowing over the 
vertical faces. Where the top of cut 
does not meet the top of bluff and 
side drainage cannot be provided, 
corrugated iron pipes, creeping up the 
steps like a vine, drain the water- 
sheds behind the cut. High fills—up 
to 100 ft.—balance the deep cuts. In 
the 3-mile stretch of new road the 
grading amounted to 800,000 cu.yd., 
an indication of how hills and hol- 


lows were leveled off for the new 
route, 
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The road is a relocation of State 
Route 127, from Magnolia westward 
to the intersection of U.S. Route 75 
north of Missouri Valley. The latter 
route lies on the valley floor; Mag- 
nolia is high in the hills. The old 
highway, though an important short- 
cut from the east to the main north- 
south road between Council Bluffs 
and Sioux City, was narrow, crooked 
and steep in many places. It was not 
surfaced, and was subject to flooding 
from a nearby creek. Gravel will be 
spread over the full 36-ft. width of 
the new highway, and a bituminous 
mat 22 ft. wide will be placed as a 
wearing surface. 


Loess stands vertically 


The wind-deposited loess soil that 
forms much of the Missouri River 
bluffs has several peculiar character- 
istics. In undisturbed vertical faces 
it will stand for years without eroding 
or weathering; yet slightly sloping 
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faces will soon be cut by water chan- 
nels, and the whole face will slowly 
weather and slough down. When dis- 
turbed, the material breaks down into 
an impalpable powder. However, this 
same fine material, when piled into 
a fill, remains stable with a surpris- 
ingly small amount of surface erosion 
from rains. 

Though cuts heretofore have never 
reached the depth of those on the new 
route, the highway department has 
had lots of experience with loess soil. 
For years the practice was to use con- 
ventional side slopes, requiring con- 
stant cleaning of ditches because of 
sloughing and erosion. More recently 
the highway engineers tried vertical- 
face cut slopes, but made the mistake 
of rounding off the top, which turned 
the rainfall down over the face with 
resulting erosion. 

This time the engineers determined 
to design cut slopes that will stand 
for a long time to come without much 
maintenance, so the stepped side 
slopes as shown in Fig. 3 were 
adopted for both center and side hill 
cuts. Vertical faces, except for the 
bottom and top steps, were made at 
least 15 ft. high, and likewise the 
bench floors were laid out to mini- 
mum width of 15 ft. From the outer 
edge of the bench, floors pitch down- 
ward 4 in. per ft. to the toe of the 
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next higher cut face to keep dra 
away from the vertical faces. 
floors are also pitched slight! 
longitudinal direction to drai 
ward the end of the cut that pr. 
the best natural facilities for di: 
of surface waters. Each bench | 
nates in a feather edge at the en 
From the behavior of the na: jral 
loess bluffs the cuts possibly \\,uld 
stand full height in a single verjical 
face. However, there is always a 
sibility of a slide, especially in a 
freshly cut face, so the highway «9; 
neers did not wish to take a c| 
on possible injury to the contractor 
workmen or to the traveling pu))li 
Fig. 2. Special drains placed over the steps take care of surface water that Therefore, the safer step backs \ere 
cannot be bypassed away from the faces of the cuf, adopted. 


Excavation procedure 


The entire job was excavated with 
standard grading equipment, and no 
hand trimming of the cut slopes was 
necessary. The grading fleet con- 
sisted of five 20-yd. carrying scrapers, 
hauled by diesel tractors, with three 
additional pusher tractors available 
for loading. The pushers were 
equipped with bulldozers, used for 
rough trimming of the bench floors. 
Cutting of the vertical slopes and 
final grading of the benches was by a 
standard motor grader. 

General procedure in the cuts was 
to start at the top and work the full 
width of cut for each bench lift, trim- 
ming the bench faces and floors as the 

Fig. 3. Typical cross-section of a side hill cut. Center cuts duplicate the step = cut deepened. Cuts and fills balanced 
arrangement on both sides. Both the number of steps and the height of each drop 


out nicely, except that two small bor- 
varied with the depth of the cut. 


rowpits were necessary on the higher 
fills. One fill, 65 ft. high and 1,000 ft. 
long, contains 240,000 cu.yd., rather 
heavy grading for Iowa highways. 


Drainage structures 


Special attention was given to 
drainage on the project, not only to 
prevent erosion of cuts and fills, but 
also because the high fills practically 
plug up many of the smaller valleys 
and disturb the natural drainage facil- 
ities. Most interesting is the drainage 
of three small watersheds above the 
top of one of the high side hill cuts. 
From the mouth of each of three small 
valleys, at the top of the cut, a 21-in. 
corrugated pipe was placed over the 
benches. Risers are in the open, lear 
of the face; horizontal sections are 


Fig. 4. One of the large concrete culverts placed under light fills. This particular buried - the bench floors. om pe 
structure was bullt to a camber, but subsequent settlement of the supporting ®7© CAT ried across the roadway. pase 
ground under the heavy fill put a dip at the center without cracking the concrete. 10 the fill on the opposite side = 
Though the joints opened up, they were protected by the collars cast to one end = drop pipes leading to sloping p!p* 
of each section. drains at original ground level. 
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Fig. 5. More than 800,000 cu. yd. of grading in the 3-mile length of new road was handied by five 20-yd. scraper 
and pusher outfits, two of which are shown in action here, 


Concrete culverts were placed under 
all fills. Under the highest fill, where 
some settlement of the original ground 
was expected, a 54x 8-ft. arch cul- 
vert was built in sections 30 ft. long, 
and the whole was set to a camber at 
the center. At each joint an integral 
collar was cast to one end of the sec- 


tion to simulate a }ell-and-spigot pipe 
joint. When the fill was completed the 
ground settled even more than con- 
templated, changing the camber to a 
dip at the center. However, though the 
joints pulled loose they did not open 
beyond the collars, and the individual 


sections in each case resisted the 


change of position without cracking. 
The project was under the direction 
of L. M. Martin, district engineer for 
the Iowa State Highway Commission 
at Council Bluffs. Fred R. White is 
chief engineer of the commission. The 
general grading contract was held by 
Frank Eblen, Cumberland, Iowa. 


Flexible Core for Dam in Earthquake Country 


A FLEX!2LE CONCRETE COREWALL is a 
special feature of an earth dam de- 
signed to resist earthquake shocks 
and to form a new reservoir for the 
water supply of the city of Rangoon, 
in Burma. This wall, 130 ft. high 
and 350 ft. long on the crest of the 
dam, is formed of reinforced-con- 
crete poured in panels 25 ft. long 
and 10 ft. high, varying in thickness 
from 8 ft. at the base of the dam to 
4 ft. at the top. Each side has a 
batter of 1 in 80. 

For the horizontal joints, the pan- 
els are separated by bituminous sheet- 
ing over the full thickness of the wall, 
and the bottom panels are connected 
to the foundation concrete by a 
tongue-and-groove joint having cop- 
per strips embedded in a bituminous 
material, In the top of each panel 
is a V-groove 9 in. deep, partly filled 
with asphalt in which is embedded 
the lower edge of a longitudinal cop- 
per strip. The bottom of each panel 
has a corresponding rib 3 in. deep, 
from which projects a similar copper 
strip. These two strips engage or 
overlap and the joint is sealed by 
filling the groove with asphalt. With 


this practical arrangement, consider- 
able angular displacement can very 
easily occur without causing leakage 
of the joints. 

For the vertical joints, which ex- 
tend the full height of the wall, as 
the concrete for each panel was 
poured, precast concrete blocks were 
cast in each edge. Two rows of 
blocks in one edge formed a chan- 
nel about 8x11 in., and one row of 
blocks in the other edge made a 
projecting tongue. In the tongue- 
and-groove joint thus formed, cop- 
per strips projected diagonally from 
the tongue to the sides of the groove, 
which was finally filled with asphalt. 
Steps were taken to prevent escape 
of the plastic filling, and pipes were 
provided for placing additional as- 
phalt if it should be necessary to 
make up for losses. These pipes ex- 
tend through a concrete wave wall 
44 ft. high, with concave face, which 
surmounts the wall along the up- 
stream side of the crest. 

According to the description of 
this dam in “The Engineer”, of Lon- 
don, England, it is calculated that this 
wall can move 16 ft, out of line with- 
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out permitting the escape of water 
through the joints. The design is 
based on experience with an earth 
dam in Japan which was distorted 
to S-shape in the earthquake of 1923, 
without breaking the puddle core 
wall. As suitable .clay for puddle 
was not available in Burma, the flex- 
ible concrete wall was designed. 

The dam is 126 ft. high, with 20- 
ft. crest, and with slopes of 1 on 5. 
34 and 4, successively from the top 
on the upstream side. This face i; 
protected from erosion by a reve'- 
ment of concrete slabs 6x8 ft. and 9- 
in. thick, poured in place. The 
downstream slopes of 1 on 2, 2} and 
3 are broken by three 15-ft. berms, 
and the toe is of broken stone faced 
by a low retaining wall. In each 
berm are drainage wells or “pillars” 
of broken stone, 4 ft. square and 50 
ft. apart. 

The Rangoon water supply project, 
with the Pegu-Yomas dam, was de- 
signed by Binnie, Deacon & Gourley, 
consulting engineers, London, Eng- 
land, and was carried out under the 
direction of A. E. Mann, chief engi- 
neer for the city of Rangoon, 
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Fig. 1. Ilinois River bridge at Hennepin includes two continuous units which were adjusted to correct stress by jacking, 


checked by proving ring. 


The three-span unit is at the left; at the right is one span of the two-span unif, 


Adjustment of Continuous Bridge 
Affected by Warping 


L. T. Wyly 


Assistant Professor of Civil Engineering 
Northwestern University, Evanston 


T. I. Fullenwider 


Assistant Engineer of Construction 
Illinois Division of Highways 


Contents in Brief—In adjusting the reactions of two continuous bridges in 
Illinois on the basis of proving-ring measurement, warping of the spans was 
found to have large effect on stresses. High precision was attained in the 
measurements by careful control of temperature, moisture and wind on the 


rings. 


CONSTRUCTION of several continuous 
bridges over the Illinois River by the 
Division of Highways of Illinois, 
under a program that will extend over 
a period of years, made it desirable 
to obtain direct measurement of the 
end-reactions of the continuous spans, 
both to dispel uncertainty and to make 
possible any necessary adjustment for 
proper stress distribution. Two More- 
house proving rings of 300,000-Ib. ca- 
pacity each (see ENR March 28, 
1935, p. 446 for an example of the 
use of such rings) were used in 
making the measurements. The re- 
sults showed unexpectedly large in- 
fluence of warping or twist of the 
spans, the effect of this condition on 
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the stresses being much greater than 
the effect of errors in height ad- 
justment. 

Two of the bridges on the program 
have recently been completed. The 
bridge at Hennepin (Figs. 1 and 3) 
and that at Lacon are similar, both 
carrying two lanes of H-15 live load 
on concrete decks. Each bridge has a 
continuous-truss unit of three spans 
(324, 378 and 324 ft.), but the Hen- 
nepin Bridge also has a continuous 
truss of two 300-ft. spans. No side- 
walk was provided at Hennepin, but 
at Lacon a 4-ft. walkway was provided 
inside the south truss. 

Truss sections are composed for 
the most part of wide-flange rolled 
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beams; in order to avoid thin shims, 
14-in. beams at 87 ib. per ft. were 
used throughout top and bottom 
chords as minimum sections, and any 
necessary additional area was pro- 
vided by side plates shingled into the 
gussets. The vertical and _ inclined 
posts over the piers were made of 
18-in. channels with central longitu- 
dinal diaphragms between the webs, 
the flanges being turned in and con- 
nected by tie plates. The fabrication 
was very good and no difficulties were 
encountered due to unequal depth or 
out-of-square beams. All bracing is 
of star section, connected at the cen- 
ter of the truss members. All splices 
are fully riveted. 

The three-span unit was built by 
erecting its side spans on falsework 
and cantilevering the center span to 
junction at midspan, while the two- 
span unit was built by erecting its cast 
span on falsework and cantilevering 
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the west span across the full opening 
with the aid of a temporary support- 
ing bent at L,. In erecting the three- 
span unit its ends were set 3? in. low, 
this being the theoretical jacking dis- 
tance required, after closing the center 
panel at zero stress, to bring the struc- 
ture to proper continuous action. All 
reaction adjustment was done before 
placing the concrete deck. 

Errors in reactions would affect 
stresses and deflections as tabulated 
in Fig: 3. It was considered that the 
allowable error in the reaction should 
not exceed 1,000 lb. or about 1 per 
cent. 

A check on the final dead load 
stresses was obtained by strain-gage 
measurements on the center lower- 
chord sections of Span 16 and the 
lower chords adjacent to the center 
support of the two-span unit. Initial 
or zero readings had been taken on 
these members before erection; the 
final readings were taken after the end 
bearings had been set in final posi- 
tion prior to placing the concrete 
deck. All such readings were taken 
at night or on cloudy days to avoid 
temperature errofs. The average 
stresses computed from these read- 
ings checked the calculated design 
stresses within the limits of experi- 
mental error. A 10-in. Whittemore 
strain gage was used in this work. 
Gage holes were protected when not 
in use by a coating of “no oxide” 
grease, to avoid errors of measure- 


abutment 
Pier 18 


General -Elevation-Truss Spans Illinois River Bridge at Hennepin 
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| _AR=10% _| 
UIO-UI2 |. +641" | 5.47" = 0.8 %/51.7*= 81% 
L!2-Li4 |%-402 [648 =1.6 |648 =16.) 
LI8-L19 |*-410 |876 =21 |876 =214 


Spans 18 and! 


497* =08% 


5.20 #15 1520 =15.3 


Effect of Error AR in End Reaction Adjustment 
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Computed Truss Deflections for 1000 Lb. End Reactions 


Fig. 3. The two continuous units of Hennepin Bridge were adjusted to desired 
stress distribution and deflection by considering the effect of errors in the 


reactions. 


ment due to displacement of the con- 
tact points of gage by rust coatings. 

The trusses were found to be some- 
what stiffer than computed by the 
conventional method of neglecting 
the effect of splices and gussets on 
the cross-section. Little difficulty was 
encountered in adjusting the three- 
span unit. In weighing the reactions 
of the two-span unit at Pier 18, 
however, one truss was found to have 
a reaction about 13,000 lb. greater 
than the other. It seemed evident from 


Fig. 2. Checking the reaction adjustment of a continuous-truss unit of Hennepin 
Bridge by proving ring. 
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this difference that one truss had been 
raised slightly out of level with the 
other in jacking at the ends, and in- 
vestigation proved that such was the 
case. 

Readings were taken at the abut- 
ment and also at PIER 18 with the 
weighed end out of level by various 
amounts. The results of these data 
were analyzed to determine the in- 
crements necessary to add or subtract 
from each reaction for a given varia- 
tion in the of the 
trusses at one end. 

The two right-hand curves in Fig. 
4, show the measured reactions for 
the two-span unit for a given lift 
above the initial position with the 
ends of the two trusses level, while 
the left-hand curve shows the meas- 
ured reaction increment due to rais- 
ing one truss above the other at the 
measured end by a given amount. 
This warping increment is further 
illustrated by the deflection and tilt 
values shown in Fig. 5. 

It will be noted that the change in 
reaction due to warping by a given 
amount is over ten times as much as 
that caused by raising both trusses 
the same amount. Approximate anal- 
ysis showed that this change in re- 
action, being due to lateral stiffness 
of the portals, sway frames and floor- 
beams, represents a change in stress 
throughout the spans and that it is 
fully as important that such warp be 
removed as it is that correct eleva- 
tions of bearings be reached. It also 
illustrates what may occur in a struc- 


elevations two 
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Difference in Level at One 
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Position, In 
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Truss Reaction Change, Kips 


Average Truss Reaction, Kips 


Fig. 4. How variation in end lift affected the truss reactions of spans 18 and 19. Note in the chart at the right that pier -c- 
ection is heavier than abutment reaction because of the weight of expansion joints and other special details. The /e#+- 
hand chart shows truss reaction increment due to difference in level at one end. The plotted reaction change is one hait 
the difference in reaction changes of the opposite trusses. 


ture as the result of movement of 
the falsework at different stages of 
riveting and consequent difference in 
shape of the two trusses. 


Precision of the measurements 


The Bureau of Standards calibration 
curves for the proving rings show 
that the maximum error found in 
calibration corresponds to about 0.3 
of a dial division, or about 130 Ib. 
In the field work there were two 
sources of possible error from tem- 
perature: the modulus of elasticity of 
the steel is affected by temperature, 
and difference in temperature be- 
tween the vibrating reed and the ring 
will affect the reading. To minimize 
these, all weighing was done at night 
to insure constant temperature of the 
top and bottom chords, and the rings 
were protected by a housing of canvas 
and plywood, though a_ certain 
amount of draft could not be avoided. 

In order to eliminate personal- 
equation errors, independent read- 
ings were taken by two different oper- 
ators at each ring during each load- 
ing. It is believed that the maximum 
instrumental error from all causes did 
not exceed 500 Ib. and was probably 
less. Larger and more easily made 
errors occur in level readings in 


vétnd floorbeam 


checking the elevation of one truss 
against the other. These errors were 
eliminated later in weighing the 
Lacon Bridge, where elevations were 
not measured by the level but by a 
sliding steel gage at each end bearing, 
heights being measured by a rule 
from the original position of the truss 
before jacking. 

At each weighing operation, each 
observer took five readings for each 
measurement. Zero readings were 
taken before loading the ring and 
again after removing the load. The 
operators exchanged places after 
weighing, and reweighed with the 
ends at the same elevation, the results 
agreeing very closely. In addition to 
this check on operators, the rings 
themselves were interchanged when 
taking measurements at Pier 17. 
Again the results were in close agree- 
ment, showing the rings to be very 
accurate under field conditions. 

After the trusses had been weighed 
as described, each end was adjusted 
vertically to equal truss reactions. 
The three-span unit was adjusted first, 
and the two-span unit then adjusted 
to meet the grade of Span 17 at 
Pier 17 by rotating about Pier 18. 
The theoretical weights had been 


carefully calculated from the shop 


Position after jacking 


End Elevation 


drawings and due allowance made 
for extra planking and other loads 
present on the bridge at the time of 
weighing. 

Weighing operations conducted 
later at Lacon gave results similar to 
those obtained at Hennepin. Here 
also a large effect of warping the end 
of one truss above the other was ob). 
served, though it was only 80 per cent 
as large as at Henftepin. This was as 
expected, since the width between 
trusses at Lacon is 34 ft. greater 
while the portal and sway bracing 
are similar, and the bridge therefore 
opposes slightly lower rigidity to any 
warping tendency that may arise. 


Engineers and contractors 


The Hennepin Bridge, completed 
last September, was fabricated by the 
Chicago plant of the Bethlehem Steel 
Co. and erected by the Wisconsin 
Bridge & Iron Co. The design was 
made under the direction of Ernst 
Lieberman, chief highway engineer. 
and George F. Burch, bridge engi- 
neer, Illinois Division of Highways. 
G. A. Somerville, district engineer at 
Ottawa, L. T. Wyly, consulting engi- 
neer on construction, and J. E. 
Raffensperger, resident engineer. 
supervised construction for the state. 


Reaction change = 4.75 *-6.50* 


Span 18 Span 19 


Side Elevation 


Fig. 5. Change in end reactions due to warping at end of spans 18-19 of Hennepin Bridge is substantial. 
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Doing Something About Accidents 


Roy A. MacGregor 


Executive Secretary 


Constructors Ass'n. of Western Pennsylvania, Pittsburgh, Pa. 





Contents in Brief—When members of the Constructors Association of 


Western Pennsylvania complained that compensation insurance premium rates 
were too high, their clear-thinking Scotch secretary told them the only way 
to reduce the rates was to reduce accidents and their resulting costs. That 
started an accident prevention campaign among the members, not one of 
those flash affairs, but a sound, continuous program. In this article Roy Mac- 
Gregor points out why premium rates are high in construction, what should 
be done about the situation, and what is being done about it in western 


Pennsylvania. 


“TELL "EM, MAC, that workmen’s 
compensation insurance rates are too 
high and should be cut down.” 

This remark started what has de- 
veloped into an active, continuous 
effort on the part of the Constructors 
Association of Western Pennsylvania 
to reduce accidents on the jobs of its 
members, working toward a reduc- 
tion in insurance premiums. 

The remark showed that the man 
who made it did not fully realize the 
reasons for the high costs of this 
insurance, and also did not appreciate 
that he, personally, had a certain 
amount of control over his own com- 
pensation costs by showing an inter- 
est in and taking measures to prevent 
accidents on his work. The construc- 
tion industry as a whole is made up 
of many contractors in the same posi- 
tion. In fact, the entire construction 
industry, (comparing its compensa- 
tion insurance rates with the rates 
paid by other industries) definitely 
shows a lack of interest and appreci- 
ation of the value of accident pre- 
vention. 

We have only to look at the steel 
industry to see the possibilities of 
accident prevention through organ- 
ized effort. Steel, with hazards greater 
than those in construction, pays less 
than one-third the workmen’s com- 
pensation premium rates charged 
against construction. Steel proudly 
boasts of a decrease of 90 per cent 
in accident costs in 30 years. Con- 
struction can do as well in much less 
time if contractors apply themselves, 
for they have the advantage of safety 
experience and an enlightened public 
opinion not existing in the early days 


of steel’s efforts in accident preven- 
tion. 
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In the continuous campaign of the 
Pennsylvania contractors, attention is 
directed to the origin of the cost of 
insurance. Analysis of benefits paid 
out for construction accidents in this 
area over a period of three years 
shows that 52.8 per cent of the total 
went for accidents arising from only 
25 sources or causes. Further study 
revealed that eight of these 25, or 
one-third, involved truck operation. 
Thus, elimination of all accidents 
around trucks would decrease com- 
pensation insurance costs about 13 
per cent, while elimmation of all 
accidents arising from the 25 prin- 
cipal causes would cut the costs in 
half. 

Here is a definite target to shoot at, 
and our contractors are concentrating 
on these comparatively few high-rate 
accident causes. 

Also in our accident prevention 
work much stress is laid on the ad- 
vantage a contractor with a good acci- 
dent record has in bidding against 
one with a poor record. In this area 
a contractor with a low accident rec- 
ord pays. only 60 per cent of the 
manual premium rate, compared with 
150 per cent paid by contractors with 
high accident frequency. A concrete 
example is shown by the Pennsylvania 
Turnpike work, where, under an 
average manual rate of $10 per $100 
payroll, some contractors are paying 
only $6, while others with poor acci- 
dent records are paying $15. This 
means that, with the payroll amount- 
ing to one-third of the total bid price, 
the contractors with low accident rec- 
ords have an advantage of $3,000 on 
every $100,000 bid. 

While the subject is being ap- 
proached here from a purely economic 
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angle, the humanitarian side is not 
ignored. Every effort is being made 
to stimulate interest among the work- 
men in eliminating the results of care- 
lessness. 

The accident prevention work in 
western Pennsylvania is carried out 
by a committee that includes four full- 
time accident prevention engineers 
for their respective companies: S. E. 
Anderson, Harrison Construction Co.; 
G. O. Griffen, Dravo Corp.; J. E. 
Jaekman, McCrady-Rogers Co., and 
Norman E. Wellings, Booth & Flinn 
Co. These men work with C. R. Car- 
ter, vice-president, Ferguson & Ed- 
mondson Co., chairman, and John E. 
Jackson, president, Pittsburgh-Des 
Moines Steel Co., as the other mem- 
ber. 

This committee has developed ac- 
tive cooperation with the engineers of 
the leading insurance companies in 
the district, as well as with the inter- 
ested division of the State Depart- 
ment of Labor and Industry. Meet- 
ings of these three groups are he!d 
frequently and every effort is made 
to make contractors realize the im- 
portance of accident prevention in 
reducing compensation insurance 
rates. 





Safety device increases efficiency. 
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Fig. 1. Typical concrete rigid frame bridge over the Turnpike. 


Bridging the Pennsylvania Turnpike 


R. F. Graef 


Chief of Bridges, Pennsylvania Turnpike Commission 


Harrisburg, Pa. 


Contents in Brief—On the 160-mile Turnpike 307 grade separation and 


drainage structures were required. They were designed and built on a rush 
schedule which required simplicity yet they utilize modern architecture and 
take account of best modern design practices. In this article, the man 
responsible for the structures describes them, their design, and their cost. 


THE CONSTRUCTION of America’s 
first superhighway has involved a 
bridge program representing a total 
construction cost of about $7,600,000 
for 307 bridges and culverts. It was 
necessary to turn out drawings for 
bidding purposes for nearly 90 per 
cent of these structures within a 
period of seven months. 

Despite this rush work particular 
consideration has been given to ap- 
pearance, each structure being studied 
with the view to obtaining the best 
architectural treatment without undue 
expenditure. In keeping with the 
superhighway idea, all design has a 
modern trend. No truss spans have 
been used over the Turnpike despite 
the fact that in some cases this type 
would have given a slightly more 
economical solution than that used. 

Plate girder structures have been 
treated by extending end pylons on 
the abutments up beyond the ends of 
the girders, with the pylons so located 
that the concrete can be returned 
around the ends of the girders to form 
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end posts. T-beam overheads have 
been detailed so that the expansion 
joints in the deck are hidden behind 
posts at the abutments and above the 
piers. Rigid frames of two general 
architectural types have been used. 
The first of these emphasizes end 
pylons on the abutments, and the 
deck appears as a restrained beam 
with curved soffit. In the other type, 
the rigid frame has been emphasized 
by the use of wings battered outward 
and a plain surface on the exposed 
portion of the frame. Parapets of 
structures at Turnpike grade were 
given considerable attention, and an 
attempt has been made to subdue 
those on short span structures where 
width of roadway is much greater 
than length of parapet. All parapets 
have been designed to obtain the 
maximum of simplicity. 

Nearly all structures carrying the 
Turnpike have roadway widths of 70 
ft. curb to curb. This is made up of 
two 24-ft. traffic lanes with 10-ft. 
middle strip and 6-ft. water tables. 
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Two longer structures are 56 ft. curb 
to curb, having two 24-ft. traffic 
lanes, a 4-ft. raised division strip 
and 2-ft. water tables; another bridge 
has the same arrangement plus an 
accelerating lane from one of the 
interchanges. Design loading for all 
structures carrying the Turnpike is 
a modified H-20, all trucks being 


Fig. 2. Barrel arch, 361/2-ft. span, 42-ft. 
rise, 278 ft. long, will carry Turnpike 
on a 40-ft. fill over a state route. 


ENGINEERING NEWS-RECORD 












taken as 20-ton instead of the usual 
reduction to 15-ton trucks in the 
trains following and preceding the 
truck and semi-trailer load. A reduc- 
tion of 20 per cent is taken in con- 
sideration of improbability of having 
maximum load on four lanes simul- 
taneously. 

The design loading used for all 
structures carrying intersecting roads 
over the Turnpike is that specified by 
the Pennsylvania Department of 
Highways and consisting of a contin- 
uous train of 20-ton trucks for each 
10-ft. lane with all axles spaced 14 
feet center to center. Impact allow- 
ance for all structures is from the 

aa 75 
formula oT + 300 * 
tions are practically identical with 
those of the A.A.S.H.O. Double 
curbs are used, of such shape that 
the fenders of a car striking the 
lower curb will not hit the upper 
curb or parapet, nor will the over- 
hang of a truck or bus hitting this 
curb foul the parapet. The use of 
double curbs permitted design for 
high strength without greatly in- 
creasing the section. All but one 


Specifica- 





structure uses concrete curbs; all but 
two, concrete parapets. 

In general, foundations encoun- 
tered in the construction of these 
bridges were good, as is evidenced 
by the fact that only 34,000 ft. of 
piles (including test piles) were 
required for the entire project. Ma- 
terial encountered ranged from 
compact clay to solid sandstone: 
fortunately rock was encountered a 
very short distance below original 
ground at all larger structures. Coal 
deposits presented some _ special 
foundation problems and in one case 
required excavation to a depth of 
more than 40 ft. and subsequent 
construction of high piers, founded 
on shale, to carry an_ intersecting 
state highway over the Turnpike. 


Grade separations 


In order to exclude all highway 
grade crossings along the Turnpike, 
it has been necessary to build 75 
structures at state highways, 60 at 
township roads and 12 for private 
lanes, farm crossings, etc. In addi- 
tion, 11 structures are required to 
separate grades at interchanges, 5 


Fig. 3. The Turnpike crosses the Lincoln Highway on a sharply skewed plate 
girder bridge near the Midway station west of Bedford. 





Fig. 4. Four 96-#t. spans and two 48-ft. end spans make up this continuous plate 


girder on @ 50-deg. skew crossing Dunnings Creek east of Bedford. 
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at railroad crossings and 1 at a trol- 
ley crossing. One of the structures 
required for railroad grade separa- 
tion also crosses a stream, and each 
of two others cross a stream and high- 
way in addition to the railroad. The 
total number of structures required 
for grade separation purposes is 163. 

Although studies revealed that twin- 
span construction is the most eco- 
nomical for grade separations, it was 
considered that the use of piers in the 
middle strip is undesirable and it was 
resorted to only in those cases where 
the use of single-span construction 
would result in excessive cost. Of the 
twin-span structures studied. the re- 
inforced concrete rigid frame proved 
to be the cheapest, followed in order 
by reinforced concrete T-beams and 
steel I-beams. 

The studies revealed the solid deck 
reinforced concrete rigid frame to be 
the most economical _ single-span 
structure suitable for carrying inter- 
secting roads over the Turnpike. This 
type has been selected for intersec- 
tions where foundations are unyield- 
ing in character and skew does not 
exceed 30 deg. The normal clear span 
of all these structures is 78 ft. In 
order to maintain a minimum verti- 
cal clearance of 14 ft. at both the 
edge of pavement and 5 ft. out on the 
shoulder. it was necessary to use leg 
heights ranging up to 29 ft. Road- 
way widths vary from 12 ft. at one 
private crossing to 35 ft. plus a 4-ft. 
sidewalk at a state highway. One in- 
tersecting road carried on a rigid 
frame has a superelevation varying 
from 0 to # in. per ft. across the span. 
Making the deck of this structure 
ribbed proved to be a_ successful 
means for relieving the intrados of 
the warped appearance which would 
have resulted if a solid deck had been 
used. 

The program involved the con- 
struction of 53 rigid frames at un- 
usually high speed: most of the con- 
tractors engaged on the Turnpike 
construction had built few, if any, 
rigid frame structures prior to this 
undertaking and it was recognized 
that inspection personnel with previ- 
ous experience in this type of con- 
struction could not be secured in 
sufficient numbers to handle properly 
this amount of work. Because of 
these conditions, it was considered to 
be in the interests of sound engineer- 
ing to establish conservative limita- 
tions upon the use of this compara- 
tively new type of structure, and not 
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because it is impractical to design 
rigid frame structures for use on 
yielding foundations or for skews 
greater than 40 deg. 


Skew rigid forms 


In spite of these considerations, it 
maintained by some that the 
limitations imposed were not suffi- 
ciently based on the 
contention that 30-deg. 
severe with the roadway widths used 
(20 to 22 ft.). This argument was 
founded on a fallacious concept re- 
garding the distribution of stresses 
in skewed frames; nevertheless, in 
order to refute this erroneous con- 
tention, it was found necessary to 
test one of these frames before we 
could proceed with the construction 
of the remaining structures of this 
type and proportion. The frame tested 
had a normal clear span of 78 ft, 
height of leg 16 ft. 4 in. (hinge to 
intrados springing), overall width of 
25 ft. 3 in., crown thickness of 3 ft. 
and springing thickness of 6 ft. 
Measurements taken at the time of 
striking underpinning 
vealed an average deflection of 4%, in. 
at centerline of the span, This value 
checked the computed dead load de- 
flection within 10 per cent. The test 
live-load was applied in two phases, 
the first of which consisted of rolling 
across the span two parallel trains of 
trucks spaced approximately 24 ft. 
center to center, each weighing about 
13 tons loaded. The second loading 
consisted of a single 40-ton shovel. 
Deflections occurring during each of 
these tests were well within the com- 
puted values. End rotation of the deck 
was of such magnitude as to be repre- 
sented by the difference in ease with 
which a knife blade could be inserted 
in the top of the joint between frame 
and wing walls with and without the 
load of the span. Following this test, 
all objections to construction of 
30-deg. skew rigid frames were 
eliminated. 


was 


conservative, 


skew is too 
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Single-span, solid-deck, reinforced 
concrete rigid frames have been used 
also for those grade separations at 
interchanges where the Turnpike is 
carried over the ramp or intersecting 
road, These vary in span from 38 ft. 
to 71 ft. 6 in. and in skew from 0 to 
29 deg. and have roadway widths of 
from 56 to 105 ft. Principal quanti- 
ties for the 53 rigid frames used on the 
Turnpike are about 43,750 cu.yd. of 
concrete, 7,150,000 lb, of reinforcing 
and 16,500 cu.yd. of excavation. Total 
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cost is about $1,275,000 for 139,- 
660 sq.ft. of bridge, or $9.13 per sq.ft. 

In some cases, where the limitations 
placed on rigid frame construction 
eliminated its use, twin-span T-beam 
structures with skews from 0 to 45 
deg. are used to carry intersecting 
roads over the Turnpike, There are 
20 structures of this type requiring 
15.200 cu.yd. of concrete, 1,450,000 
lb. of reinforcing and 11,000 cu.yd. of 
excavation, at a cost of about $386,- 
450 for 44,420 sq.ft. or $8.70 per 
sq.ft. of bridge. 


Plate girder structures 


In all other cases where founda- 
tion conditions or skew are such as 
to preclude the use of rigid frames, 
plate girders have been used for 
overhead crossings. These are all of 
the through type and are single-span 
for all skews up to 50 deg. and twin- 
span for two intersections where the 
skew is 54 deg. One intersection hav- 
ing a skew of 69 deg. necessitated the 
use of a special three-apan plate 
girder structure, This structure has 
been laid out with square-off spans 
and with all floorbeams normal to 
girders. Each line of the two through 
girders has two spans of 116 ft. and 
one of 81 ft. Use of continuous gird- 
ers was not practical because of un- 
satisfactory foundation conditions. 
Abutments and piers have been so 
laid out as to make the appearance of 
the structure from the Turnpike as 
nearly as possible like that of a two- 
span structure and curtain walls have 
been used to eliminate such confusion 
to traffic as might result from the un- 
balanced layout. 

There are 23 plate girder structures 
carrying intersecting roads over the 
Turnpike. Single spans vary from 80 
ft. 6 in. to 132 ft. and each span of 
the twin-span girders is 71 ft. 3 in. 
Roadway widths vary from 12 to 46 
ft. Principal quantities in these struc- 
tures are 4,975,450 lb. of structural 
steel, 23,750 cu.yd. of concrete, 
1,974,000 Ib. of reinforcing and 
12,700 cu.yd. of excavation. Total 
cost is about $853,100 for 82,920 
sq.ft. or $10.29 per sq.ft. of bridge. 

Structures carrying the Turnpike 
over intersecting roads require less 
clear span than those spanning the 
Turnpike. Similarity of design is not 
a consideration as various roads are 
crossed. For usual crossings, 44 
simple span T-beam bridges, 7 slab 
type, 3 plate girder and one I-beam 
span have been use. Some intersec- 
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tions occur where the distance, , 
to grade of roadways is conside; 
greater than the minimum, and 
use of structures with decks at 1 
pike grade would result in abuts 
of excessive height. Studies ind) 
that for these cases the barrel a: 
by far the most economical. The ) 
notable structure of the 7 of 
type is illustrated in Fig. 2, 


Drainage structures 


Drainage structures are for {\y 
most part small and presented 0 
unusual problems. It was necessi;) 
to provide 143 culverts and bridves 
for streams under the Turnpike and 
adjacent roads affected by Turnjiki 
construction. Of chief interest are thy 
reinforced concrete barrel arches ised 
wherever the distance from stream 
bed to grade permits. These vary in 
size from 6-ft.-span culverts to the 
structure over Clear Creek in Bed{ord 
County, which has two spans of 52 {t., 
a length of 305 ft. and a fill of 70 ft. 
over the crown. This structure con. 
tains over 8,000 cu.yd. of concrete. 
There are two other barrel arches o! 
two 52-ft. spans but they are shorter. 

A few concrete box culverts and 
several I-beam spans have been used 
For other cases, reinforced concrete 
slabs have been used for spans up 
to 16 ft. and reinforced 
T-beams for spans ranging up to 15 
ft. All are simply supported excep! 
a three-span continuous 
which has a middle span of 54 ft. and 
side spans of 25 ft. 


concrete 


structure 


Larger bridges 


Of the larger structures, the most 
important is that over Little Sewick- 
ley Creek, a state highway and tracks 
of the Pennsylvania Railroad near 
New Stanton. This structure has a 
total length of 600 ft. with an average 
distance from foundation to grade of 
49 ft. The Turnpike is on a 2}-deg. 
curve crossing the bridge. Abutments 
and piers are radial to the curve. The 
main span is an open-spandre| re- 
inforced concrete arch of three ribs, 
9 ft. 6 in. wide with 170-ft. clear span, 
37-ft. rise, 2 ft. 9-in. crown thickness 
and 5-ft. 10-in. springing thickness. 
Flanking the arch span on each end 
are two spans of 83 ft. and one of 18 
ft. c. to c. of supports, with the 
shorter spans at the extreme ends. The 
middle span of each of these groups 
is a rigid frame, while the spans a! 
either end are concrete T-beams re 
strained at the rigid frame and sin!) 
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Three-span concrete T-beam drainage structure in Bedford county. 


Fig. 6. Typical twin-span T-beam overhead, Use of a center pier is limited to 


seven short sections of the Turnpike, 


supported at the ends away from the 
frame. The rigid frames in the ap- 
proach groups are of ribbed type, 
and the adjacent spans are T-beams. 
Width of all ribs and beams is 1 ft. 
10 in. and clear distance between 
them 4 ft, 2 in. All are 4 ft. deep at 
the centerline of each span and at all 
simple supports, and 8 ft. deep at 
each face of the rigid frame legs. In 
addition to the normal roadway width 
of 56 ft., this structure carries an 
&ft-wide accelerating lane of an 
adjacent interchange. The utilization 
of this arrangement of rigid frames 
and restrained beams eliminated the 
high temperature and shrinkage 
stresses which would have occurred 
with three-span rigid-frame construc- 
tion and gave dead and live load mo- 
ments in the end spans not much 
higher than would have occurred with 
that ty pe of construction. 

Two 3-span continuous plate-girder 
structures have been used at skew 
‘rossings. Both have middle spans of 
110 ft.; one has end spans of 65 ft. 
each and the other 76 ft. Both are of 
deck type, having four lines of paral- 


lel flange girders with the two lines of 
stringers nearest the centerline of 
roadway and those at the fascia car- 
ried on brackets. 

Klapp, Brinckerhoff & 
Douglas, New York City, designed 
the bridge over Dunnings Creek, east 
of Bedford, a six-span continuous 
plate girder structure with 50-deg. 
skew. End spans are 48 ft. and the 
four interior spans 96 ft. each. Four 
lines of curved bottom chord girders 
are used, with fascia and centerline 
stringers bracketed. An expansion 
joint runs the full length of the deck 
at the centerline of the roadway. Con- 
crete curbs and steel pipe railings 
outline the 56-ft. roadway. 

Also near Bedford, where the 
Turnpike crosses the Raystown 
jranch of the Juniata River, Mod- 
jeski & Masters, Harrisburg, Penna., 
designed a structure to cross the 
stream, the tracks of the Pennsylvania 
Railroad and a township road. This 
bridge is on a 2-deg. curve and abut- 
ments and piers are radial. The sec- 
tion of the structure over the stream 
consists of two parallel lines of curved 


Parsons, 
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bottom flange girders continuous over 
three spans. The interior span is 125 
ft. and exterior spans, 100 ft. At the 
east 


end, six 


spans of continuous 


I-beam stringers in 2. three-span 
groups, with spans ranging from 40 
to 50 ft.. are used to cross the rail- 
road and township road. Roadway 
width is 56 ft.. railing and curbs are 
steel. 


A continuous I-beam 


stringer 
bridge over Conodoquinet Creek in 
Cumberland County, consisting of 
three 69-ft. spans, completes the list 
of larger structures. Its cost of $5.25 
per sq.ft. of bridge is lowest for the 
larger structures, which range up to 
$8.05 per sq.ft. in cost. 

Three bridges and 
culverts were designed by the Turn. 
pike bridge division. On January 1, 
1939, only 34 structures had been de- 
signed. By September 1, 1939, all of 
the remaining structures had been 


hundred five 


designed and the drawings completed, 
except 12, included in later paving 
contracts. The number of designers 
employed in the bridge division dur 
ing this period ranged from 7 to 20 
and the total personnel, including 
cleri« al, from 12 to 37. To 
plish this in the available time it was 
necessary to use unchecked or refer- 


accom 


enced drawings for bidding purposes. 
The 


structures designed for previous con- 


referenced drawings were of 
tracts which were similar enough in 
character to the ones for which prices 
were desired to enable bidders to de- 
termine unit prices. Quantities for the 
actual basic data and 
anticipated dates of furnishing com- 
pleted drawings were supplied with 
the referenced drawings. This device 
was employed in order to provide six 
to eight weeks’ extension of time to 
the limited personnel for the comple- 
Although this 
extension of time may seem small, it 
was most valuable on a project in- 
volving 


structures, 


tion of the drawings. 


almost impossible assign- 
ments in the preparation of designs 
and plans. The time allowed for com- 
pletion of construction was so short 
as to make mandatory the advertising 
for bids on each contract on the sched- 
uled date, so the could 
make preliminary preparations and 
move in. 


contractor 


Willing cooperation of the design- 
ers and draftsmen, under immediate 
direction of H. E. Kunsch, assistant 
bridge engineer, made the rapid 
pace and successful accomplishment 
possible. 
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DELAWARE AQUEDUCT VI 


Driving 85 Miles of Tunnel 


Contents in Brief—On the 85 miles of tunnel for New York's new water 
supply the contractors have raised tunnel driving to record standards of 
speed, efficiency and safety. Here new ideas are found in drilling and blast- 
ing procedure, drill carriages, car changers, and invert clean-up. Previous 
articles (April 11, p. 513; April 25, p. 584; May 9, p. 656; June 6, p. 797, 
and July 18, p. 73) described the function and design of the aqueduct. 


IN DRIVING the greatest tunnel project 
ever attempted, the 85-mile Delaware 
River Aqueduct for New York City’s 
water supply, ten contractors on 
eleven contract sections have brought 
tunnel driving to its highest perfec- 
tion and standards of performance. 
Tunneling is being carried out with 
the scheduled precision equal to high- 
class railroad operations; every min- 
ute counts, and timing of the blasts 
on some sections doesn’t vary more 
than five minutes from day to day. 
Every advantage is being taken of the 
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Fig. 1. Location of shafts on the aque- 
duct. From Lackawack to Hill View 
Reservoir is 85 miles. 
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experience and developments of the 
more recent tunnel projects, particu- 
larly the Colorado River Aqueduct, 
which, coupled with new ideas and 
new types of equipment, open a new 
chapter in the technique of tunnel 
driving. 

Each of the eleven contract sec- 
tions is of interest; each is contribut- 
ing something to the art of tunnel- 
ing. However, because space limita- 
tions preclude a detailed description 
of construction operations on each 
section, the driving procedure will 
be described for the whole project on 
a functional basis. This article on con- 
struction of the aqueduct covers drill- 
ing and blasting, mucking and tim- 
bering. Other functional features, 
such as hauling, hoisting, ventilation, 
pumping, concrete lining and driving 
through bad ground, will be de- 


scribed in subsequent issues. 
Project and contracts 


The aqueduct project has been de- 
scribed in previous articles in this 
series. A total of 83.8 miles of tunnel 
was awarded in eleven contract sec- 
tions. Shaft No. 1 and the first mile 
of tunnel at the Rondout Reservoir 
intake are a part of the contract for 
Merriman Dam; shaft sinking is 
under way but major tunneling on 
this section has not yet been started. 
Ten contractors took the other eleven 
tunnel sections for a total of $140,- 
109,135. Contract sections vary in 
length from 5.1 to 14.2 miles; in 
amount from $10,097,135 to $21,333,- 
333. The tunnel is being driven from 
24 shafts from 300 to 1,550 ft. deep, 
all sunk under previous contracts 
except the six shafts No. 11 to 16, 
which were part of the tunnel con- 
tracts. 


Contract data are shown in the 
accompanying table. Contracts 306 
and 321 include considerable sur{ace 
work, such as connections to adjacent 
reservoirs and construction of gate 
chambers, aerators, and appurtenant 
structures. Other contracts involve jp. 
stallation of control works and drain. 
age stations in the shafts. Shafts 9, 
10, 17, 18 and 19 are double shafts: 
they include separate uptake and 
downtake shafts at each location, 
Permanent Shaft 13 is offset from the 
tunnel line and requires installation 
of considerable pumping equipment, 
so Seaboard Construction Co. sank 
a temporary shaft on line to expedite 
construction operations. 

In most cases headings are driven 
both ways from the bottom of the 
shaft. One-way headings are being 
driven north from Shaft 1A North 
(the outlet at Hill View Reservoir). 
from Shaft 19 downtake and uptake, 
from Shaft 17 downtake and uptake 
and south from Shaft 10 uptake. 
Because of extensive surface con- 
struction at Shaft 18, Associated Con- 
tractors, Inc., is driving the adjoin- 
ing sections of tunnel from shafts 17 
and 19. For the same reason, Frazier- 
Davis temporarily deepened Shaft 10 
uptake 109 ft. to correspond to the 
depth of 10 downtake and are driving 
south from this shaft; the heading 
from 9 downtake, at a higher level. 
will hole through into 10 uptake. 
The two shafts at No. 9 are about 
the same level, and Frazier-Davis cut 
through the distance of about 50 ft. 
between them and thus was able to 
use one headframe installation for 
driving both ways. 

The tunnel is of circular section in 
three sizes. From the end of the tun- 
nel contract section north of Shaft 2 
to Shaft 9 uptake are 43.1 miles of 
134-ft. finished diameter tunnel, re- 
quiring an excavated section of about 
18 ft. Between Shafts 9 downtake and 
18 uptake the tunnel is 15 fe. finished, 
and about 20 ft. excavated diameter. 
27.1 miles long. For the 13.6 miles 
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from Shaft 18 downtake to the outlet 
at Hill View, the tunnel is 194 ft. 
finished, and about 24 ft. excavated 
diameter. Excavation, in general, has 
been completed south of Shaft 18 and 
is rapidly nearing completion be- 
tween Shafts 10 and 18. 


Procedure in common 


Naturally details of driving opera- 
tions, equipment and plant vary 
widely among the ten contractors. 
However, there are several methods 
and plant items common to all. 

The New York state labor law re- 
quires adequate change houses for the 
workmen, but most of the contractors 
went beyond minimum requirements 
and built quarters for the crew that 
are models of cleanliness, comfort and 
sanitation. Automatic oil heat, me- 
chanical ventilation, concrete floors, 
individual steel lockers and adequate 
shower and sanitary facilities are 
features of these quarters. 

Compressor plants vary from 3,000 
to 6,000 cfm capacity at each shaft, 
made up of units ranging from 550 to 
3.000 cfm in size. They are all 
electric drive, and every plant is 
equipped with automatic switches that 
cut various units in and out accord- 
ing to air’requirements. Some plants 
are equipped with both intercoolers 
and aftercoolers; others depend upon 
large receiving tanks for aftercooling. 
Much of the compressor equipment 
was new, but some was brought in 
from previous jobs. 

All tunnel sections are being driven 
full face from rail-mounted drill car- 
riages. Conway mucking machines 
are used on every contract. Muck 
haul and transportation of materials 
and supplies in the tunnel is by nar- 
row gage railroad, and all muck 
must be hoisted up a shaft. Disposal 
of muck at the surface is by truck, 
usually to a nearby dump. Muck 
dumped into the existing reservoirs to 
fill shallow areas or for diking is 
treated with hypochlorite of lime 
solution while on the truck. At other 
points water draining from the spoil 
is ditched to a central point and 
treated with chlorine. For the first 
time on a large tunnel project auto- 
matic feed drifter drills are in use 
throughout. These include 34-in. and 
4-in. bore machines, with feeds rang- 
ing from 24 to 36 in. 

Another feature common to all 

Fig. 2. Three types of drill jumbos: top, steel frame drill carriage on muck track, sections is the carrying of high- 


Rosoft; center, pipe frame jumbo (frame serves as air manifold) on muck track, tension current at 2,300 volts into the 
Pleasontville Constructors; bottom, steel frame jumbo on wide track, Walsh. tunnel, reducing it to 440, 220 and 
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110 volts with underground portable 
transformers. Many of the hoists and 
larger compressor units on the sur- 
face are operated with the 2,300-volt 
current. The usual electrical arrange- 
ment is to carry the high-tension lines 
from a switchboard at the surface to 
the tunnel by armored cable placed 
in conduits buried in the shaft lining. 
At the bottom of the shaft is another 
switch, and from here the high ten- 
sion lines consist of armored cable in 
1,000-ft. lengths carried into the 
heading. Portable transformers 
mounted on either skids or cars are 
moved ahead 1,000 ft. at a time as 
driving progresses. Some contractors 
step the current down to 440 volts for 
pump, hoist and mucking machine 
power and to 110 volts for lighting; 
others add a 220-volt system for 
special power requirements. Because 
so much tunneling equipment is now 
electric-powered, the contractors feel 
it well worth-while to carry the high 
tension lines well into the headings 
to avoid transmission losses. 


Drilling and blasting 


Naturally the drilling and blasting 
procedures vary with size of tunnel 
and type of ground. Typical drilling 
patterns and shooting diagrams for 
the three sizes of tunnel are shown 
in Fig. 3. The number and pattern 
of holes, and amount of powder used 
change, howéver, with different rock 
formations. The powder factor (Ib. 
of dynamite per cu.yd. excavation) 
likewise varies from 3.3 in the shales 
to 6.3 in the harder formations. All 
contractors use a cut of some kind in 
the drilling pattern, and some add a 
baby cut. The cut holes run from 12 
to 14 ft. deep, and relievers and 
lifters from 10 to 11 ft. Advance per 





194 Ft. Diam. Tunnel 
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round averages from 8.5 to 10.3 ft. 

Gelatin dynamites are used in both 
40 and 60 per cent strengths. Every 
known safety precaution is used in 
handling explosives. Where the shafts 
are in populated areas, powder is 
stored in underground magazines 
driven from the tunnel, otherwise 
wel! protected surface magazines are 
used. All dynamite comes in red 
paper wrappers to aid in spotting 
unexploded sticks in the muck pile. 
Some contractors use conventional 
primers, with electric detonators in- 
serted in the second or third cartridge 
from the bottom of the hole. Others 
use the safety primer developed in 
the Far West, consisting of a wooden 
plug containing the detonator, against 
which is placed a half stick of powder. 
However, many are now using the 
recently developed cartons containing 
the detonator, into which the car- 
tridge making up the primer is 
slipped. Stemming is required in all 
holes. A rubber ring and wedge spool 
plug is common though sand packed 
in paper bags is used on some jobs. 

For safety’s sake all power and 
light lines are removed from the load- 
ing zone. On most jobs illumination 
for loading is supplied by spotlights 
from batteries on the locomotive. 
Frazier-Davis uses a special light 
made up of a motorcycle battery in 
a box supplying current to a light 
and reflector on the lid. 

The usual blasting hookup is a 
straight parallel circuit, consisting of 
two loops of bare No. 14 copper wire 
hung from dowel plugs. The two leg 
wires of each detonator are connected 
to the two bus wires. The bus wires 
are connected to No. 14 insulated 
lead wires that go back to the main 
blasting circuit, which is always car- 


i 
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ried on the opposite side of th 
nel from the light and power | jes. 
A short distance from the fac the 
blasting line is broken by a =) itch 
that is closed by the heading ye. 
man, the last man out before a | | ys. 
after he has checked the blaine 
hookup. At least 1,200 ft. and « ‘ten 
1,500 or 1,800 ft. back of the face 
is the main blasting switch, \ hich 
is usually on the 440-volt power line, 
From this switch a connecting cord 
is plugged into the blasting switch on 
the opposite side of the tunnel. First 
the power is tested by throwing the 
current through a light circuit, and 
then the switch is thrown the other 
way to set off the blast. 

All but two contractors are using 
the conventional forged bits on | }-in. 
round steel, and have the usual forg. 
ing, sharpening and tempering equip- 
ment at each shaft. Two contractors 
have adopted detachable bits, and 
both report they are well satisfied 
with them. These two jobs constitute 
the largest tunneling operations upon 
which detachable bits have been used, 

Frazier-Davis is using Timken bits 
in a very hard ground, mostly quartz- 
ite. The drills have a 2-ft. feed, and 
the bit gage starts at 2} in. reducing 
4 in. for each change of steel. The bits 
are changed on the drill carriage by 
the driller’s helper during drilling 
operations. Drill bits are sent out to 
a commercial drill service company 
for resharpening by the hot mill 
process, Records show that the num- 
ber of resharpenings run from an 
average of 3.32 per bit some months 
to 5.45 in others. Shanks are made 
up and threaded on the job. Joint 
failures average 0.4 per cent; shank 
failures 3 per cent. This job is effect- 
ing an economy in shanks by stand- 


——S. aee o 
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Fig. 3. Typical drilling patterns on the three different sizes of tunnel. Numbers refer to delays in firing. Left to right: 
Associated Contractors at Shaft 19; Frazier-Davis at Shaft 10; Walsh at Shaft 5. 
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Fig. 4. Special cars for transporting 
drill steel between sharpening shop and 
drill carriage: Top, Seaboard Const. 
Co. Lower, S. R. Rosoff, Lid. Car de- 
signed to be lowered by the hoist as 
steel is too long for the cage. 


ardizing on odd foot lengths, 3, 5, 7 
ft. etc. at one shaft and even foot 
lengths at the other. Usually the 
breaks occur in one end or the other, 
so nearly every broken shank can 
be cut down a foot in length for use 
at the other shaft. 


Pleasantville Constructors, Inc., 
driving through the comparatively 
soft Hudson River shales, is using 
Ingersoll-Rand bits of the Pitcher 
type, instead of the standard cross 
type. Their drills have 3-ft. feeds, 
and the starter bits are 24 in., reduc- 
ing 4 in. for each 3-ft. change. All 
new bits are full size; all smaller 
gages are resharpened bits. In con- 
trast to Frazier-Davis, Pleasantville 
tesharpens its bits on the job in a 
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hot mill, averaging three resharpen- 


ings per bit, 750 bits per shift. 
Drill jumbos and car changers 


All contractors use some form of 
drill carriage-or jumbo; some incor- 
porate car changers with the jumbos. 
Each jumbo carries from six to nine 
drills, mounted on adjustable bars, 
columns and arms at the front end. 
Rosoff, Pleasantville, Dravo, Frazier- 
Davis and Seaboard operate the jum- 
bos on the narrow-gage muck tracks. 
Walsh, Utah, Healy and Associated 
Contractors laid a separate wide-gage 
track near the face for carrying the 
drill carriage. 

Shea-Kaiser brought in a typical 
western rig, the King Grasshopper, a 
combination drill carriage and car 
passer. This unit, 144 ft. long, runs 
on 9-ft. 10-in.-gage track of 100-Ib. 
rails and mounts eight or nine drills 
on the front end. A string of seven 
empty cars is pulled up a ramp from 
the rear end onto the upper deck by 
a hoist and cable for temporary stor- 
age. During mucking operations, the 
empties are run down a movable 
ramp at the front end one at a time 
for loading. Loaded cars are pulled 
back on the muck track. The upper 
deck and ramps clear the loaded cars 
and locomotives. 

The drill carriages are fitted with a 
top deck and one or two tiers of side 
decks which fold for clearance when 
the jumbo is moved back for the 
blast. Dravo uses counterweighted 
wings for safety; Healy utilizes open 
steel flooring for the decks. 

Car changers on the drill carriages 
are of several types. Healy mounted 
an air cylinder hoist on an arm at 
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one rear corner of the jumbo as a 
typical cherry picker that lifts an 
empty car out of the train and swings 
it to one side for clearance, while the 
train is pulled back to place the empty 
on the front end. Associated Contrac- 
tors, Utah and Walsh fitted the rear 
end of the jumbo with a vertical-lift 
hoist that raises an empty car clear 
of the train. Seaboard has a novel 
combination car changer and jumbo. 
The jumbo is a wide-frame rig that 
rides on a traveler, similar to a form 
traveler, operating on the muck track 
as a drill carriage. During mucking 
operation, the rig is pulled back a 
short distance, the overhanging side 
frame is blocked up from the floor, 
and the traveler is removed to clear 
muck trains. The jumbo then oper- 
ates as a straight cherry picker. Dravo 
and Frazier-Davis use separate gan- 
try frames as car changers. These are 
blocked up to clear the train. For 
moving, swing mounted trucks are 
brought into position on the muck 
tracks. The hoists for lifting the 
empty cars are electrically-operated. 

Pleasantville Constructors keep 
their cars on the ground, but move an 
empty out of the string to one side 
by a Mine Door Co. car transfer. This 
is merely a cross-track upon which 
runs a low carriage. The carriage can 
be placed to catch a car, or to clear all 
cars. The car to be switched is moved 
over by hand. A pop shot in the side 
of the tunnel provides a wide enough 
space for the car to clear the train. 


_Car switching is speeded up by pull- 


ing the empty to be loaded, after it is 
placed back on the muck track at the 
front end of the train, up to the 
mucker by a cable and hoist mounted 
on the rear end of the mucking ma- 
chine. Rosoff has the simplest car 
changer, just a multiple-line air hoist 
hooked to a steel rib of the primary 
lining, which lifts an empty car clear 
of the train. Where there is no roof 
support anchor bolts are placed in 


holes drilled in the roof. 


Mucking and invert cleanup 


Mucking is standardized through- 
out by the use of 75-hp Conway 
machines, mostly new but some “built 
up” from previously used 60-hp mod- 
els, loading directly into cars. The 
muckers all operate on a 3-ft.-gage 
track, except on Healy’s two con- 
tracts, where the main track gage is 
24 in. Here separate mucker rails, 
3-ft.-gage, have to be maintained near 
the face for the mucking machine. 
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The cars are coupled to the mucker, 
moving back and forth with the ma- 
chine as it crowds and loads. Where 
high-side cars are used, one coupling 
serves for the full time of loading. 
With low cars some contractors use 
a special coupling link that varies 
the spotting of the discharge end of 
the conveyor from one end of the 
car to the other. 

Invert clean-up, which can _ be 
classified as part of the mucking oper- 
ations although it is done just prior 
to placing the concrete lining, is of 
special interest. Only a few contrac- 
tors have reached the invert clean-up 
stage. Healy uses a Sullivan slusher 
or drag scraper type of mucker for 
the invert, operating just ahead of 
the invert concreting. Shea-Kaiser 
also uses a Sullivan slusher on some 
headings; on other headings they 
have converted the King Grasshop- 
pers into drag scraper muckers by 
adding a 90-ft. boom on one end. 
The outer end of the boom rests on 
an A-frame traveling on rails placed 
at the lower haunches for subsequent 
concreting of the invert. A hoist on 
the Grasshopper operates the slack 
line bucket, which is dragged up the 
front ramp of the drill carriage for 
dumping through the deck. 

Seaboard has a Sullivan slusher at 
Shaft 13, but at Shaft 14 is using a 
Conway mucker converted to a drag- 
line scraper. The mucker hoist oper- 
ates the cable; the tail sheave is car- 
ried by an A-frame on skids. A 4-yd. 
Sauerman slackline bucket does the 


cleaning up. Seaboard has supple- 


mented these outfits with an electric- 
powered tractor and bulldozer. A 25- 
hp. electric motor replaces the diesel 
engine on a Caterpillar D4 tractor, 
which carries a LaPlant-Choate bull- 
dozer with a_ special moldboard 
curved to the bottom radius of the 
tunnel. 

Associated Contractors also uses 
an electric bulldozer, but dispenses 
with all other scrapers. The bulldozer 
piles up the invert muck within reach 
of a Conway loader. Power for the 
tractor motor is supplied through a 
cable carried clear of operations by 
hand. Associated has a rather elab- 
orate final clean-up apparatus in a 
traveling hood that shields a high- 
pressure air jet which blasts all loose 
material from the invert. This jet is 
supplemented by a combination air- 
and-water jet that washes the rock 
clean. 

Utah uses a Conway converted to a 
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Fig. 5. Combined car changers and drill carriages. Top, car comes to muck track 
from storage on upper deck, Shea-Kaiser job. Center, vertical-lift cherry picker. 
Walsh Const. Co. Bottom, cherry picker on swinging boom, S$. A. Healy Co. 
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Fig. 6. Invert clean-up is quite a job. Associated Contractors use a high-pressure air jet under protection of a traveling 
hood (left) after all muck possible has been scraped up by electric tractor bulldozer. 


slackline cableway by a 45-ft. pipe 
boom terminating in an A-frame on 
skids. Seven tail sheave hitches on the 
A-frame enable the bucket to cover 
the full width of tunnel. A reversible 
t-yd. bucket is used, which has teeth 
on one side for digging the muck 
loose, and a smooth lip on the other 
side for scraping close to the rock. 
Pockets are cleaned out by hand. An 
air and water jet does the final wash- 
ing, and small sump pumps drain 
individual pockets. 


Primary ground support 


About two-thirds of the entire 
length of tunnel requires ground sup- 
port. All support is steel and, in gen- 
eral, consists of two-section ribs rest- 
ing on wall plates. The ribs form a 
modified Gothic arch in shape, each 
half-section being tangent at lower 
and crown ends and curved in the 
center. Ribs are 5 or 6-in. H-sections, 
from 18.9 to 27.5 lb. in weight. They 
are spaced as needed, but usually at 
2, 4 or 6-ft. intervals. At the crown 
each half-rib carries a butt plate, 


and the two are bolted together; foot 
plates of the ribs are either flat plates 
or short sections of channel iron. 

Several types of wall plates are in 
common use; 6, 8, and 10-in. I-beams, 
single with web horizontal or vertical, 
and double with webs vertical; 10 and 
12-in. channels, single with web hori- 
zontal, or double with webs vertical. 
Wall plates are carried on blocks to 
hitches in the walls, or on short tim- 
ber posts, supplemented, in both 
cases, by dowels in the side walls. 

In some systems channel lagging, 
either bolted or clipped to the ribs, 
serve as spreaders; in others light 
I-beam or channel spreaders are 
bolted between ribs. Lagging, usually 
channel sections, is used where re- 
quired, but occasionally the ribs 
alone are sufficient. Blocking between 
ribs and roof is wood studs, generally 
carried directly on the ribs, held by 
angle or channel clips. 

Supplementing the support, in fact 
replacing it in some instances, is 
shotcrete coating of the roof. The 
cement coating keeps many kinds of 


ground from raveling and prevents 
other formations from air slaking and 
scaling off. The shotcrete is applied 
in one, two or three layers, each 
about 3 in. thick. The coating is 
applied to the sides as well as to the 
roof, and, on one contract, around 
the wall posts to keep the hitches 
upon which they rest from slowly 
disintegrating. 


Direction 


The Delaware Aqueduct is being 
built by the Board of Water Supply 
of New York, under the direction of 
Charles M. Clark, chief engineer, and 
Roger W. Armstrong, deputy chief 
engineer in charge of construction. 
The field work is divided into two 
departments: Neil Holdredge is in 
charge of the Northern Department, 
which includes all tunnels north of 
Shaft 10, Harry R. Bouten was engi- 
neer in charge of the Eastern Depart- 
ment, south of Shaft 10, until his 
recent promotion to head of the de- 
sign department when he was re- 


placed by John M. Fitzgerald. 


TUNNEL CONTRACTS, DELAWARE AQUEDUCT 


Tunnel 
Length, 
miles 


14.2 


At Shafts 
2,2A,3 
4,5 
5A, 6 
7,8 
9,10 

1i, 12* 

13, 14* 

15, 16* 

17, 18, 19 3.6, 3.0 

20, 21 5.1 

22, 23, 1A N 5.5 


Sos 
SCmMmwFacre 


te 
saakloa: 
= 


a 


Lined 
Dia., 
ft. Contractor 
13. Samuel R. Rosoff, Ltd 
13. Walsh Const. Co... 
13. Pleasantville Constructors, Inc... .. 
13.5 Dravo Corp 
13.5,15.0  Frazier-Davis Const. Co 
15.0 Utah Const. Co 
15.0 Seaboard Const. Co............0.- 
15.0 8. A. Healy Co 
15.0, 19.5 Associated Contractors, Inc........ 
19.5 8. A. Healy Co 
19.5 J. F. Shea-H. J. Kaiser 


‘Shafts 11 to 16, incl., sunk as part of tunnel contracts; all other shafts sunk under previous contracts. 
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$18,916,650 
11,111 
10,697 


Value General Supervision 


Fred Stiefel 

Wm. A. Durkin, Richard Byers 
J. A. Glaeser 

R. W. Remp, H. C. Richardson 
Don Blanks, Fred Youmans 
Gus Ayers, Ben Arp 

James O'Rourke, James McAtee 
Merle Miller 

J. H. Gill, E. H. Hatch 

Merle Miller 

Tom Price, Ed. Shea 


,1ll 
,710 
975 
450 
29 , 530 

166 

200 
3, 333 
135 
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Fig. 1, Erecting the first roof arch for the armory addition. 


Enlarging a National Guard Armory 


S. E. Berkenblit 


Consulting Engineer, Chicago 


Contents in Brief—Part of an extensive armory building program for 
the Illinois National Guard has been the enlargement, by extension, of an 
old armory in Chicago. The new construction uses two-hinged arches over 
the arena and tier framing for the headhouse. Special structural problems 
were encountered in foundations and frame at junction of old and new 


buildings. 
other features of the job. 


FROM A STRUCTURAL STANDPOINT one 
of the most interesting projects in 
the program of improving housing 
facilities for the Illinois National 
Guard is the enlargement of the old 
122nd Field Artillery Armory at 
Chicago Ave. and Seneca St., in 
Chicago. Consisting of an extension 
119 ft. long and 220 ft. wide, the 
addition adds about 80 ft. to the 
length of the first floor arena, pro- 
vides a 5-story headhouse office build- 
ing, and enlarges the basement where 
horse stalls, feed storage, blacksmith 
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Flat slab floors of several types and a light balcony design are 


shops, etc., can be accommodated. 
Removal of the end wall of the exist- 
ing armory above the first floor level 
joined the old arena to the new exten- 
sion, giving an arena floor space 
125 x 302 ft. A new balcony built 
around three sides of the enlarged 
arena joins an existing balcony across 
the east end of the old armory and 
provides seats for 4,500 spectators. 

Contrast between the old and new 
construction is striking. Whereas 
both old and new walls are of lime- 
stone, the former include massive 
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pilasters and turrets while the new 
enclosure is relatively plain. Roof 
framing in the existing armory con- 
sists of 213-ft. Pratt trusses pro- 
viding 29-ft. clear headroom over the 
arena, but in the new addition two- 
hinged rib arches are used to double 
this clearance. Principal design and 
construction difficulties occurred at 
the junction of the old and new build: 
ings. The new floor slabs, the arch 
ribs, a three-story truss in the back- 
wall of the headhouse and the bal- 
cony design are items of interest. 


Foundation 


Being located on filled ground, the 
building is supported by tapered 
concrete piles (15 ft. average length! 
driven into an underlying sand 
stratum. Most of the piles occur in 
clusters under piers, but under the 
front wall of the headhouse the foun- 
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dation is a continuous uniformly 
Joaded beam with piles spaced 2} ft. 
on centers and staggered, except at 
the main door entrance where pier 
concentrations are taken care of. 

At the junction with the old build- 
ing the existing pile footings in the 
exterior walls had to carry the extra 
load of roof and balcony in the re- 
modeled building, and an enlarge- 
ment of the old footings had to be 
made. Fig. 2 shows the old pier rest- 
ing on 7 piles and the method adopted 
for enlarging this footing to 13 piles. 
Five of the additional piles were 
driven outside of the building walls 
and one pile from inside the building. 
In order to avoid jetting the latter 
pile, an opening was cut in the floor 
slab and a pile driver installed, the 
high ceiling in the arena making this 
possible. Grooves were cut in the old 
pile caps to permit installing girders 
and connecting beams. After this new 
framing was thoroughly shimmed 
against the pier concrete, grout was 
introduced to effect a bearing on the 
new piles, 


Floors 


Most of the first or arena floor, 
designed for 125 lb. live load plus a 
12-in. earth fill, is of flat slab type 
7} in. thick with dropped panels and 
column capitals. However, the out- 
side panels of this floor, along the 
junction line between the old and new 
building and along the side walls, are 
designed as 6 in. thick two-way slabs 


Fig. 2. Detail showing how one of the 
wall piers was enlarged and increased 
in capacity to carry extra load. 


s Basement 


, 
ww Jop of 
—Lex/sting 
wg pile caps 
Ye-g " field 
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Section A-A 


Grooves cut in pier for instal. 
of 18"Is. shim and. grout, 
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supported on four sides. This type of 
construction was used because the 
beams provide the necessary elastic- 
ity in supporting the balcony concen- 
trations. By using two-way reinforce- 
ment in these slabs to harmonize with 
the two-way reinforcement in the flat 
slabs a very efficient combination was 
worked out, despite the fact that quite 
different methods of design were re- 
quired for the two constructions. The 
uniform thickness of the flat slab was 
well suited for the encasement of con- 
duit, pipes, etc. Beam and slab type 
framing was used in the headhouse 
portion of this floor. So well were the 
slabs of different type integrated that 
heavy loads of three times the design 
capacity, imposed by the contractor 
on the floor during construction, had 
no effect on the framing and devel- 
oped no cracks, 


Roof design 


As stated, the roof in the old 
armory building is carried by trusses; 
they are about 22 ft. deep at the cen- 
ter and have cambered top and bot- 
tom chords. Their 29-ft. headroom 
was not considered adequate for the 
new building. which uses three steel 
rib arches of 213 ft. span and 58-ft. 
rise. The resulting roof, having a 
minimum of cross framing and 
equipped with three lines of flat sky- 
lights set in the precast cement tile 
roofing, provides an abundance of 
daylight and a striking appearance. 

The arches were designed as two- 


hinged rigid frames, but a third hinge 
was provided at the crown during 
erection. The section at the crown of 
a typical arch consists of a 60 x }-in. 
web plate, four 6x 6x }-in. 
and two 14x }-in. cover plates. This 
section increases te a depth of 84 in. 
at the haunches and decreases to 22 
in. at the 5-in. diameter base pins. 
A 3}4-in. tie rod connects the arch 
legs across the building and is en- 
cased in the slab of the 
arena floor. One of the ribs is heavier 


than the other two because one of its 


angles, 


concrete 


legs had to be carried to basement 
level to avoid a ramp opening into 
the basement. 

One of the special problems en- 
countered resulted from removal of 
the end wall of the old armory. Since 
the ends of the purlins of the old 
sloping roof were supported by this 
wall, it could not be removed until 
the first arch was erected to provide 
a new support for these purlins. This 
support was effected by means of 
hangers suspended from the arch. 
Since the purlins were shorter than 
required and of varving length and 
design as to end bearings, painstaking 
attention was required in lengthening 
the purlins, removing the old un- 
sightly bearing details and installing 
attachments to the new hangers at 
proper elevation and slope. 

In the back wall of the headhouse, 
directly in front of the balcony seats 
for the arena, an opening 158 ft. wide 
by 234 ft. high is provided by means 


Fig. 3. Arch framing over the arena extension and tier framing for the headhouse 
characterize the new extension to the 122nd Field Artillery armory in Chicago. 
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Fig. 4. Light-weight characterizes the balcony by virtue of steel plate risers and 
concrete treads poured on steel rib decking. 


of a three-story truss. This truss, 160 
ft. long between supporting columns 
and 32 ft. deep, is of Baltimore type 
with sub-verticals and is designed to 
carry three floors and the roof of the 


headhouse. 


Balcony 


Since no provision: had been made 
for a balcony in the original design 
of the old building, it was necessary 
to make it as light as possible. The 
design finally worked out consisted 
of sloping girders made of double 
channels 6 in. back to back, steel 
plate risers and light weight concrete 
treads poured on steel rib decking of 
the type ordinarily used for roofs; by 
placing the ribs upward a smooth sur- 
face resulted beneath the balcony. The 
balcony girders are supported by 
short 6 in. H-columns set on the wall 
at the upper end, by larger 6 in. col- 
umns set on the floor near the center 
and by a kickboard frame at the 
lower end. This frame (Fig. 5) ac- 
comodates ventilating ducts and 
grilles and is covered with 1 in. 
planks on the arena side. 


Personnel 


The Armory building program is * 


sponsored by the Illinois Armory 
Board and is financed with the aid 
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Fig. 5. Detail showing kickboa;: Sup- 
port at front end of balcony ;irde, 
with brace frame design which «ord; 
ample space for ventilation duci:. The 
balcony girders are supported by shor} 
6-in. H-columns set on the wall at upper 
end and by larger 6-in. columns sey 
on floor near the center. 


Stee/ rise- 
Conc. tread on stee/ pans.. 


Fig. 6. At junction of old and new buildings, old roof is supported by hangers 
from new roof arch. Note balcony at far side of arena. 


of PWA grants. S. Milton Eichberg 
is architect for the board. For the 
122nd Field Artillery Armory, the 
George Sollit Construction Co. was 
the general contractor. The Fort Pitt 


August 29, 1940 « 


Bridge Works fabricated the steel 
which was erected by Oscar Daniels 
Co., Chicago. The writer was consult: 
ing engineer on design and construc: 
tion. 
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Fig. 1. Upper dam of the Twin Lakes project in the Allegheny National Foresf. 


Recreational Use of Forest Waters 


C. A. Betts 


Engineer, U. S. Forest Service, Washington, D. C. 


Contents in Brief—Expanding recreational use of the waters in the 
National Forests has brought new activities to the engineers of the Forest 
Service in the way of designing dams to improve the recreational advantages 
of the forest lands. Some of the special types of structures developed for 


this service are described. 


WITHIN THE PAST DECADE a great 
increase in use of National For- 
est lands for recreational purposes 
has brought new problems to the 
United States Forest Service. Super- 
vision of the nation’s forest lands is 
no longer limited to timber, wildlife 
and range management, nor are the 
Forest Service interests in water re- 
stricted to power permits and stock 
water holes. Forest camps and fish- 
ing must be provided on the public 
lands for the public. Particularly 
true is this in the Northeast where 
over one-third of the country’s popu- 
lation uses state or national forests 
as the only remaining unappropriated 
free camping grounds. In addition to 
roads to give better access to the for- 
ests, dams are needed; dams for fish 
and game, dams for water supplies, 
dams for flood control and for water 
conservation. It is being found that 
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National Forest areas have consid- 
erable flood control potentialities at 
strategic locations near the origin of 
floods. Local people prefer to have 
storage reservoirs constructed on un- 
used swamp areas within the forest 
rather than in the rich populated 
valleys where some of the best agri- 
cultural land would be taken out of 
taxation for the benefit and pro- 
tection of communities downstream. 

Dams of Region 7 of the U. S. For- 
est Service (Maine to Kentucky) 
serve well to illustrate this new phase 
of forest development. They fall 
into two general categories: (1) dams 
constructed in the national forests 
and (2) dams constructed in state 
forests under Forest Service technical 
supervision with government funds. 
Designs for the former are prepared 
in the regional office in Washington; 
plans for the latter are made in the 
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state forest where the project is 
located or in the state forester’s 
office and submitted to the regional 
office for approval, with review by the 
chief engineer’s staff if the size war- 
rants. 

Earthfill dams with gravity con- 
crete or stone masonry spillways pre- 
dominate, although masonry dams, 
concrete arch and timber dams are 
used where suitable. There are some 
locations deep in the forests where 
only log structures are feasible, not- 
withstanding their life limitations of 
twenty to forty years. Where pos- 
sible, the use of local materials is 
favored. 

Dams in remote sections of the 
forests must be rugged, compara- 
tively inexpensive, and foolproof. 
For this reason spillways must be 
supersafe, providing for the once- 
in-1,000-year floods, unless so sit- 
uated that no downstream menace is 
created. The dams built under For- 
est Service technical supervision in 
the northeastern states that have 
been subjected to superfloods twice 
within two years (March, 1936, and 
September, 1938) have demonstrated 
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Fig. 2. Typical of the smaller structures built by the Forest Service is Schreeder 
Dam in Connecticut. Aftractive appearance has been obtained without sacrifice 
of sound design principles and af little increase in cost over a purely utilitarian 
structure. Spillways are conservatively designed. 


the soundness of this design policy. 
While there is a serious deficiency 
of hydrologic data concerning runoff 
from small drainage basins in the 
United States, studies of forest in- 
fluences on runoff and measurements 
of high water in national forests have 
given some information with the re- 
sult that runoff curves have been 
prepared for many of the forests to 
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serve as a guide—where local data 
are lacking (Fig. 4). The variation 
between 100 sec.-ft. per square mile 
flood discharge in the lake region of 
Maine and 1,000 in the Appalachian 
Mountains of Virginia is greater than 
the range between flood peaks for 
the Rockies and the east or west coasts 
as a whole. The cloudburst floods of 
the mountains produce runoff com- 
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Fig. 3. Designed to have a rustic appearance, the spillway of the Twin Lake 
upper dam is a substantial structure carried on a slab of reinforced concrete. 
Automatic flashboards on the crest are designed to provide for both normal flood 


flows and abnormal flows. 
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parable with the high intensi: 
cipitation elsewhere. Provisio, 
be made for both. 

A dam to create a lake {, 
fowl breeding must have a s), 
that can handle flood discharg. 
out causing the lake level to fi 
more than a foot or so. 

The Twin Lakes Dam cons' 
recently in the Allegheny \ 
Forest in northwestern Penns\ 
to replace an old logging dam 
of the most picturesque and a 
ble sections of the National F«: 

a good example of the dams »). 

ing built. It is within a few hours 
drive of 80,000 population and secre. 
ational use since completion has far 
exceeded expectations. 

Prior to the design of the dam). test 
pits and borings at the site and _ in 
the reservoir area revealed solid hard. 
pan beneath about 12 ft. of gravel, 
sand and clay strata. Suitable soil 
for the earthfill of the dam was 
found close by in the area to be 
flooded. It contained 7 per cent clay, 
had an optimum moisture of 15 per 
cent and dry weight of 118 lb. per 
cu.ft. The soils mechanics laboratory 
which was set up on this job not on) 
made daily control tests of soil and 
concrete here, but also handled the 
tests for the Beaver Meadows Dam. 
which was nearby. Where jobs are 
scattered it has been found advyan- 
tageous to have portable soil and 
concrete testing equipment that can 
be readily transported or operated on 
a truck, This also applies to wash 
boring outfits for foundation inves. 
tigations. 

Comparative estimates of the stone 
masonry type of dam against earth- 
fill with masonry spillway decisively 
favored the latter when flashboard 
gates, that would collapse automatic: 
ally under a predetermined head of 
water, were used. The automatic 
flashboard gate 30 ft. wide by 6) ft. 
deep provides a capacity of 4,000 cfs. 
To have provided this without flash- 
boards would have increased the 
spillway cost about $19,000. 

The gate consists of a wooden panel 
hinged at the spillway floor with 
massive bronze strap hinges and 
supported in a_ vertical position 
against lake pressure by thirteen 3.- 
in. galvanized steel pipes set in pipé 
sockets in the spillway. One-inch 
pipes, inserted in the top of the 3}-in. 
pipes by suitable fittings, in turn sup- 
port the 24-in. upper flashboard gate, 
which rests on top of the main gate 
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and is designed to handle the once- 
in-five-year floods, while the main 
gate handles the rare floods. 

The picturesque random rubble 
masonry spillway of this dam car- 
ries the 48-in. sluice pipe and valve 
in the right abutment so that no 
valve stem projects above the top 
of the dam. The weight of the ma- 
sonry spillway is distributed on the 
foundation by a reinforced concrete 
mat 3 ft. thick with 6-ft. cutoff. 
Bearing and permeability _ tests 
showed that it would be unnecessary 
to go down the additional 15 ft. 
to sandstone. The stream was by- 
passed through the sluice pipe dur- 
ing construction. The stilling basin 
is made of large rocks and flanked 
by landscaping. 

Aesthetic treatment of these dams 
is the inevitable outgrowth of recrea- 
tional use by a discriminating public. 
Attractiveness without sacrifice of 
safety and economy is the objective. 
Methods of attaining it include the 
curving of banks at the ends to fit 
into the topography and the planting 
of grasses, such as rye, redtop, and 


blue grass, or vines, such as honey- ° 


suckle. Stonework simulates environ- 
ment in roughness and color, using, 
as a rule, large stones with raked 








Drainage Area in Sq.Mi. 


Fig. 4. Runoff curves for small drainage areas have been constructed by the 
U. S. Forest Service for use where local runoff data are lacking. This one is 


for Pennsylvania. 


joints. Concrete can be darkened by 
the selection of dark aggregates and 
cement. 

Economic justification for many 
of these projects, which contemplate 
the beneficial utilization of water as 
well as land resources, has in some 


cases been predicated on multiple 
use; a trend more pronounced in pub- 
lic than in private projects. At the 
present rate of increase of use, it is 
evident that greater benefits than 
were originally planned will accrue 
over the years. 


Water Quality Depreciation in Distribution Systems 


WHAT ARE THE CAUSES of bacte- 
rial depreciation in distribution sys- 
tems? Three definite causes were 
suggested by Norman J. Howard, 
director of water purification, Toron- 
to, Canada, at the American Water 
Works Association meeting in Kan- 
sas City recently. 

They were: (1) Routine treatment 
of the raw water may not have de- 
stroyed bacterial life completely and 
later the attenuated organisms under 
favorable water temperature condi-, 
tions may start multiplying in the dis- 
tribution system; (2) bacterial life 
may be present in a dormant condition 
on the sides of the pipes and may be 
released as a result of the rising water 
temperature; and (3) in the absence 
of sufficient residual chlorine, natural 
decomposition of dead organisms or 
organic matter may cause increased 
bacterial growths in the summer 
months, Again, in this season there is 
probably a greater variation in water 
Pressure than normally occurs in 


other periods of the year, which re- 
sults in the stirring up of sedimentary 
deposits within the system. 
Assuming that one of the condi- 
tions mentioned is among ‘the direct 
causes of deterioration, will any form 
of treatment change the picture and 
are the bacteria of sanitary signifi- 
cance? To the first query one should 
assume, of course, that current prac- 
tice is to treat the water adequately 
before its entry into the distribution 
system. In heavily polluted surface 
water excessive sterilization treatment 
may be necessary to prevent after- 
growths. If superchlorination is em- 
ployed the destruction of all forms of 
pathogenic organisms should occur, 
but secondary decomposition may be 
more likely to occur unless it is pos- 
sible to maintain a satisfactory chlo- 
rine residual throughout the system. 
Chloramine treatment following pre- 
or super-chlorination would seem to 
be indicated in all heavily polluted 
waters. In other supplies where super- 
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chlorination is either impractical or 
unnecessary, the use of chloramine 
treatment should theoretically be suc- 
cessful in preventing bacterial de- 
terioration. 

Because there is no seasonal indi- 
cation of gastroenteritis during the 
troublesome period involved in many 
cities, it can be stated with a definite 
degree of assurance, that such 
growths in the distribution system do 
not constitute a health hazard and are 
of little sanitary significance. It is 
perhaps unfortunate that depreciation 
usually occurs during periods of 
greatest bacterial pollution. It is most 
improbable, however, that pathogenic 
types of bacteria present in water, 
once having been subjected to ade- 
quate and intensive sterilization treat- 
ment, can later become rejuvenated 
and be capable of causing waterborne 
disease. Typhoid fever and gastro- 
enteritis can alone be caused by an in- 
fective agent in active form, according 


to Mr. Howard. 
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From Field and Office 


Working problems and time-saving methods for engineers and contractors 


Coloring Concrete Floors 


Contractor Geo. H. Rommel Co. 
secured excellent results in coloring 
floors on the Frankfort, Ky., munici- 
pal housing project by the following 
procedure. 

Nine pounds of 97 per cent pure 
iron oxide was mixed with one bag 
of portland cement, lightly hoed and 
then sieved twice through a No. 16 
mesh screen. Then 125 lb. of sand 
was added to the mixture of cement 
and coloring matter and this was 
lightly hoed and sieved twice through 
the No. 16 mesh screen. The mix 


was rebagged, each batch being kept — 


separate until needed, when it was 
spread on the fresh concrete as soon 
as the slab was screeded. Spreading 
was done with a mason’s sieve and 
the area to be covered by each batch 
was measured off on the slab so each 
batch covered approximately 117 sq. 
ft. of floor. This provided a }-in.- 
thick top, which troweled to a good 
finish. 

As soon as the topping was placed 
the finishers floated it, working the 
topping well into the slab, then lev- 
eled it by straightedging, after which 
it was troweled to a polish with a 
steel trowel, producing a dense, hard, 
smooth surface of even color.—IRa 
A. Butcuer, Lexington, Ky. 


Concrete Mixer Plates 


In rebuilding two 4-cu. yd. con- 
crete mixers for use at Friant Dam, 
the interior arrangement was changed 
to consist of simply three manganese 
steel plates, equally spaced around 
the circumference and in _ planes 
radial to the axis of rotation. 

A departure from standard design 
in these plates is the use of more 
thickness along the exposed edges 
to provide more metal where the 
wear is heaviest. The accompanying 
view shows the thickened edges of 
several plates lying on the mixer 
plant deck awaiting assembly in the 
mixers. 


Lighthouse on Skids 


A wooden frame on skids carries 


two floodlights powered by an 800- 


watt plant in the “shanty.” This 
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rig was used by John H. Swanger 
of Lancaster, Pa., for night paving 
on the Pennsylvania Turnpike. 


City Garbage Cans 
The city of Lansing, Mich., fur- 


nishes the householders with a clean 
garbage can at every collection (ENR 
June 2, 1938). The loading, hauling, 
dumping and cleaning means a mul- 
titude of handling operations which 
requires sturdy construction. Re- 
cently purchased 10-gal. cans are hot 
dipped galvanized corrugated sheet 
steel built to the following specifica- 
tions: 


Top diam., Inside, 14 in. 

Bottom diam., Outside, 124 in. 

Depth, Inside, 148 in. 

Top band, 20-gage corrugated 

Body, 23-gage corrugated 

Bottom, 22-gage ring corrugated 
Bottom band, 4 in. x 1 in. with 6 rivets 
Top is rolled over 3-in. steel wire 
Handles, yy in. round, 34 in. from top 
Covers, 24-gage 2-in. flare. 


Only }-in. tolerance is allowed in 
the top size but the covers are made 
4-in. diam. larger than the top of 
the can. S. C. Jacka, city engineer, 
recommends holes through the bot- 
tom ring as desirable to release the 
trapped water when the cans leave 
the washer bottom up to drain the 
interior. With the present design the 
attendant must dump the water on 
the floor before stacking the cans. 


Thickened-edge manganese steel plates for Friant Dam mixers. 
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Book Notes and Reviews 


The month's addition to the engineer's reading and reference list 


Handbook Revised 


CIVIL ENGINEERING HANDBOOK — 
Second Edition. Leonard Church Ur- 
quhart, editor-in-chief. 877 pp. Pub- 
lished by McGraw-Hill Book Co., New 
York and London. Price $5. 

Six years have elapsed since this 
handbook first made its appearance 
and in that six years many develop- 
ments have come about that would 
affect the contents of a handbook for 
civil engineers. In most of the sec- 
tions of this book these changes have 
been recognized in the revision. They 
do not appear in what was one of the 
best sections of the first edition, the 
section in foundations. 

None of the major deficiencies of 
the first edition have been made up 
in revision. The book still lacks any- 
thing on tunnel construction, naviga- 
tion canals and locks, wharves, water 
power, cantilever and suspension 
bridges, viaducts and trestles. It con- 
tains little of value on the subject 
of dam design or construction. 


For Sanitary Engineers 


SEWAGE TREATMENT—By Karl Im- 
hoff and Gordon M. Fair. 370 pp. Pub- 
lished by John Wiley & Sons, New York, 
and Chapman & Hall, London. Price $3. 


Presenting “briefly and simply the 
considerations and calculations that 
enter into the design and operation 
of modern sewage treatment plants”, 
this book by Messrs. Imhoff and Fair 
also provides a critical evaluation of 
present practice which should be of 
special interest to sanitary engineers. 
Both authors are active participants 
in, and thoughtful observers of de- 
velopments in sewage disposal, and 
consequently their interpretation of 
process application and design has 
much practical value. 

Coupled with the 14 chapters dis- 
cussing standard treatment methods, 
are five chapters dealing respectively 
with water-carried wastes from un- 
sewered habitations and industrial 
establishments, industrial waste treat- 
ment, self-purification of streams, 
disposal by dilution and sample calcu- 
lations in design problems. The sec- 
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tion on the origin and treatment of 
common industrial wastes has been 
written by Prof. Edward W. Moore 
of the Harvard Graduate School of 
Engineering. 

In the chapter on self-purification 
of streams there is illustrated a graph- 
ical method for determining the dis- 
solved oxygen profile, the use of 
which eliminates tedious mathemat- 
ical calculation. Throughout the book 
there are many valuable tabular sum- 
maries of chemical costs, process 
efficiencies, sludge characteristics and 
other matters on which comparable 
data is frequently needed. 


An Aid to Contractors 
CONSTRUCTION PLANNING AND 
PLANT—By Adolph J. Ackerman and 
Charles H. Locher. 381 pp. Published 
by McGraw-Hill Book Co., New York 
and London. Price $4. 


Written by two practical men, this 
book fills a large gap in literature 
designed to aid the construction in- 
dustry. Proper planning of the con- 
struction operations of a big job and 
knowledge of what equipment to use 
are prime essentials to successful con- 
struction, and yet textbooks on these 
subjects are almost unknown. This 
is due chiefly to the fact that the men 
who know most about these subjects 

the practical construction men 
don’t like to write. 

A. J. Ackerman, the principal au- 
thor of this book, is an exception to 
that rule. Drawing on the unusually 
broad knowledge of construction 
equipment that he gained in his serv- 
ice with the Aluminum Company of 
America, the federal government and 
the TVA, he laid the foundation for 
this book in a series of articles for 
Construction Methods, In the prepa- 
ration of those articles he had the 
advice of Charles H. Locher, a con- 
tractor of wide experience. 

The book covers preliminary plan- 
ning and essentials to the start of 
work such as camp and shops, plant 
layout and scheduling, and selection 
of equipment. Each major type of 
construction equipment is made the 
subject of a separate chapter, In ad- 
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dition there are chapters on coffer- 
dams and river diversion, foundation 
consolidation, cutoffs and 
and on human relations. 
The book centers around dam con- 
struction and river work but contains 
much that will be useful on 
types of heavy construction. 


caissons, 


other 


Two Books on Transport 


THE ECONOMICS OF TRANSPORTA. 
TION IN AMERICA—By Kent T. 
Healy. 575 pp. Published by The Ron- 

15 East 26th St., New 

Price $4. 


ald Press Co., 
York City. 


TRANSPORTATION 


ples and Practices 


- Economic Princi- 
By Emory R. John- 
son, Grover G. Huebner and G. Lloyd 
Wilson. 678 pp. Published by the 
D. Appleton-Century Co., New York and 
Price $4. 


London. 


Professor Healy of Yale and Pro- 
fessors Johnson, Huebner and Wilson 
of Princeton have done a real service 
to students of transport by writing 
the two books reviewed here. The 
two volumes are in a large measure 
complementary. Both cover all types 
of transport, but while Prof. Healy 
centers attention on the 
forces affecting development over the 
years, the teachers from Princeton 
stress the processes and business of 


economic 


transportation as it has grown from 
early beginnings. The books can 
well be read together, by older read- 
ers as reminders of striking events 
witnessed, and by younger ones as a 
source book of dates and events in 
an industry that has revolutionized 
world economics, 

As a successor to “Principles of 
Transportation” by the same authors, 
“Transportation” goes far beyond 
any definition of revision. It is a 
new book. Essentially it is a treatise 
on the processes and business meth- 
ods of transportation by rail, water, 
air, highway and pipeline. Economic 
practices rather than economic forces 
and motives are considered. Obvi- 
ously no book of 700 pages can pro- 
vide a working manual for transpor- 
tation officials; it can, however, and 
this book does give a review of cur- 
rent practices widely informative to 
the student and general reader. Sup- 
plementary reading on each subject 
is listed at every chapter end and 
there is art excellent contents index. 

The ambitious purpose of the au- 
thor of “The Economics of Transpor- 
tation in America” to analyze the 
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long and complex history of trans- 
portation economics in one book 
commands respect. He has made this 
task possible by unusual condensa- 
tion and wise restraint from excur- 
sions into borderland developments 
in the mechanics and business pro- 
cedures of transportation. The dis- 
cussion is not mere statement of 
facts; it is statement enlightened by 
explanation of the economic forces 
and motives behind the facts. The 
student of transportation has been 
done a signal service by Prof. Healy. 


Government Policies 


GOVERNMENT AND ECONOMIC LIFE, 
Vol. I—By L. S. Lyon, Victor Abram- 
son and associates. 1,301 pp. Published 
by The Brookings Institution, 722 Jack- 
son Place, Washington, D. C. Price $3.50. 


This second volume of “Govern- 
ment and Economic Life” relates to 
the effect of government regulatory 
policies upon some of the larger 
elements of our economic system. 
For engineers, the sections on public 
utilities and transportation will be 
found to give a terse summary of 
what the lack of definite govern- 
mental policies has done in those 
two fields. There also is a chapter 
on public relief in which such mat- 
ters as employment conditions on 
work relief projects are discussed. 


Independent Unions 


INDEPENDENT LABOR ORGANIZA- 
TIONS and the National Labor Rela- 
tions Act—By Frank T. Bow. 120 pp. 
Published by Prentice Hall, Inc., New 
York. Price, $2. 


This book is addressed to the 
small groups in industry who for 
one reason or another are disin- 
clined to throw in their lot with 
other organized groups and who yet 
are beginning to realize that they 
might be more secure in some sort 
of a labor organization, even if 
only to be kept from being gobbled 
up by a large union having little 
interest in their peculiar problems. 
Engineers in some of the larger in- 
dustrial organizations fall into this 
class. 

Mr. Bow lays emphasis on the 
fact that the National Labor Rela- 
tions Act gives to such small groups 
as engineers in large industrial cor- 
porations the right to set up their 
own independent organization to bar- 
gain collectively with their employer. 
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Under the act they are entitled to 
claim and receive recognition as a 
collective bargaining group if they 
represent the majority of the men 
doing their particular type of work. 
They may or may not affiliate with 
some outside organization, just as 
they desire, 


Pollution Survey Methods 


SEWAGE POLLUTION: Chemical and 
Bacteriological Studies of the Interstate 
Sanitation District—Works Projects Ad- 
ministration report for the city of New 
York, sponsored by the Interstate Sani- 
tation Commission, 60 Hudson St., New 
York. 300 pp. Limited free distribution. 


Practical information on the meth- 
ods and equipment employed in con- 
ducting pollution studies in natural 
waterways is contained in this WPA 
report of conditions in the Interstate 
Sanitation District (New York and 
New Jersey). In addition, the report 
includes complete data on present 
chemical and bacteriological charac- 
teristics of the waters in New York 
harbor and contiguous areas. 

Details are given concerning the 
tests used, sampling technique and 
laboratory method of analyses. Of 
special interest is the description of 
a new method of computing oxygen 
solubility values based on tempera- 
ture and sea water density relation- 
ships. Chester G. Wigley, engineer 
in charge of the project study, and 
Seth G. Hess, chief engineer of the 
Interstate Sanitation Commission, 
under whose sponsorship the work 
was done, have compiled valuable 
data on pollution studies in this 
report. 





Miscellaneous Notes 
on Booklets and Reprints 





A Brier Summary of “Public Aid 
to Transportation”, (ENR, May 23, 
page 743) has been published by 
the National Highway Users Con- 
ference, National Press Bldg., Wash- 
ington, D. C., under the title “High- 
way Users Pay Their Way and 
More”. 


A BisiiocraPHy of traffic safety 
books and pamphlets has been pre- 
pared by the Department of Public 
Relations, General Motors Corp., 
New York, in cooperation with a 
number of organizations such as 
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the American Association 0! 


Highway Officials. The pari ohlet 

gives the titles of the books a.) ps. 

pers, their source and price. 
Mosquito CONTROL IN NeW ) orx 


City, a report of what is dow and 
how, has been prepared for (jistyj. 
bution by the Department of Sapj. 
tation. Copies may be obtained }\ 
addressing A. J. Lizee, deputy com. 
missioner, 125 Worth St., New York. 


Desicn SPECIFICATIONS for sr idves 
and Structures of Alminum Alloy 
27 S-T, practically paralleling the 
A.R.E.A. specifications for stee] rail. 
way bridges, are published in pam- 
phlet form by the Aluminum (om. 
pany of America, Pittsburgh. Pa. 
They were prepared by Leon §. 
Moisseiff, consulting engineer. \ew 
York, and have been revised for 
1940. 


A Sussect Inpex of the library of 
reports published by the National 
Resources Planning Board (and its 
predecessors, National Planning 
Board, National Resources Board 
and National Resources Committee) 
has just been published by the board. 
Prepared by a WPA staff directed 
by G. H. Nyberg, it provides a pre- 
cise and detailed guide to the many 
discussions of natural resources, pian- 
ning procedure, economics and the 
like issued by the board since its 
creation seven years ago. 


A Stupy or MEANs OF PREVENTING 
FLoops along the upper course of the 
Milwaukee River is presented by the 
Wisconsin State Planning Board in 
a special report to the governor just 
issued in mimeograph form. As the 
river flows on the bedrock surface for 
most of its course it has steep gradi- 
ent and many grade breaks. \umer- 
ous low areas along its banks, ex- 
posed to high water, have been occu- 
pied for residential use and are 
flooded under extreme conditions. 
Detention storage and flood diversion 
into Lake Michigan are possible. 


Recent AppiTIons to the pam 
phlet entitled “Building Materials 
and Structures” published by the 
National Bureau of Standards in- 
clude the following: Surface Treat: 
ment of Steel Prior to Painting; Ait 
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_ FASTER WAY OF © 
—_ EARTHMOVING... 





MADE IN THREE SIZES, with 
capacities ranging from 11 to 
45 heaped yards. Illustration 
shows Model C Tournapull with 
LS (11 heaped yards) Carryall 


Scraper. 


THE TOURNAPULL METHOD 


TA K E § U 2 a 4 E W t T x A C T 0 A $ EASY, SAFE, SIMPLE TO OPERATE-Same positive, 


quick-acting Power Control Unit that makes Carryall 


LEAVE OFF... EXTENDS LeTOURNEAU png ect” egg haar edhe em 


on Tournapulls. Shifting and steering differ but little 


CARRYALL SAVINGS TO LONG HAULS mon ec 


Tournapulls . . . newest thing in earthmoving . 
are designed to give you one-man earthmoving on 
long hauls. They combine in one fast-moving, self- 
propelled unit all the advantages of the job-proved 
LeTourneau Carryall Scraper and the world famous 
“Caterpillar’’ Diesel engine. They utilize the LeTour- 
neau self-loading feature, which with a pusher elimi- 
nates the need for special loading equipment and cuts 
out waiting at the shovel. They haul tractor-size loads 
at truck speeds 
and spread their own loads, thus save you the need for 
HAULS AT TRUCK SPEEDS—Model C Tour- spreading tools at the fill. No other equipment now on the 
napull speeding 11 heaped yards to the fill at market can deliver so much yardage so fast or so cheaply. 


14 mph. This Tournapull is one of four now 
ae =e Mohouy job in Upper Michigan See for yourself what Tournapulls can do. Ask your 
ee ee wee LeTourneau dealer to show you how they extend Carry- 
all savings to long hauls. See him NOW to assure your- 

self early delivery. 


TOURNEAL 


en a | ILLINOTS eo Oe | CALIFORNIA 


For Lowest Net Cost per Yard - CARRYALL* SCRAPERS, ANGLEDOZERS*, CRANES, 
BULLDOZERS, POWER aon UNITS, ee SCRAPERS, PUSHDOZERS, SHEEP’S FOOT ROLLERS, 
ROOTERS*, TREEDOZERS, TOURNAPULLS*, TOURNATRAILERS* *Name Reg. U. S. Pat. Off. 





CONTRACT 


UNIT PRICES 


What contractors are bidding on different kinds of construction work 


Neen eS iees 


HIGHWAYS, CONNECTICUT 


OWNER: Connecticut State Highway Department, Hartford; 
Wm. J. Cox, highway commissioner. 

PROJECT: Construction of Hartford-Windsor Road, Route 
US 5A, from Main St., Hartford at the city line, north to 
“Green” at Windsor Center. Project is of reinforced concrete, 
four lane construction. Two roadways each 24-ft. wide sepa- 
rated by 5-ft. park area raised 5-in. and surfaced with 2-in. 
bituminous macadam. Graded for 4-ft. walk area outside of 
roadways. Length is 18,878-ft. Reinforced concrete 8-in. 
thick. 

CONDITIONS: About 4,570 feet of road is in new location, 
balance is through closely built-up sections where cross-section 
takes nearly entire width between highway lines. Cement is 
to be billed to contractor at the price named in bid, $2.20 per 
bbl. Contractor to furnish all materials for work except 
cement, and finish job in 350 calendar days. Rail and high- 
way transportation facilities available. Wage rates specified 
are: skilled labor, to $1.50 per hr.; semi-skilled, 60 to 
75c.; and common, 50c. per hr. 

BIDS: Nine bids were received July 22, 1940, ranging from 
the contract low of $467,000 to $552,357. 


LIST OF BIDDERS: 


1. New Haven Road Constr. 
(contract) . 

2. D.-V. Frione & Co. i New Haven, ‘Conn. 

N. D. Maselli Corp., Bloomfield, Conn. 

The Lane Constr. Corp., Meriden, Conn. 

M. A. Gammino Constr. Co., Providence, R. I. 

The Osborn-Barnes Co., Danbury, Conn. 

A. I. Savin Constr. Co., East Hartford, Conn. 

Mariani Constr. Co., New Haven, Conn. 

. Patterson & Rossi, Inc., Torrington, Conn. 


foc, 


Co., New Haven, Conn. 
$467,000 


73,659 


3. 
4. 
. 
6. 
8. 
9 


Un NIT Pric ES 


(1) 
,000 00 


(2) 


== 


Item Quan. 


LS. $15 


(3) 
. Clear and grub $14,000.00 
2. Unclassified excavation 119,479 ¢. y. 20 
3. Trench excav., to 6 ft 11,300 «. y. 1.2! i 3 1 
Trench excav., 6 to 10 ft...... 3.600 c. y. 1.2! 150 1 
. Trench excav., over 10 ft 280 c. y. 2 20 1 
:. Formation of subgrade sane 117,265 s. y. 10 
. Shape slopes and shoulders. . 18,879 1. f. 5 15 
; Bridge excavation. . 2,239 c. y. 2 25 
9. Gravel fill sub-base 39,772 ¢. y. 
. Broken stone (for base) 1,412 tons 
. Concrete base course ; 161 c. y. 
2. Fabric expand. metal or bar mat 
reinf. for conc. base crse 
. Concrete pavement : 
. Fabr. exp. met. or bar mat for conc. 
pavement . 
; —— expansion —- 
h. }-in. premoulded exp. joint . 
; — prem. cork exp. joint 
roken stone (bit. mac. surf.)... 
. Furn., apply bi 
penetration 
. Class A concrete... 
. Class B concrete 
22. Class D concrete . 95 c. y. 
«in. cork or rubber exp. jt. filler. . 330 s. f. 
. Deformed steel bars.............. ’ 157,570 Ib. 
25. a masonry 35 c. 
26. Std. catch basins . 
. Curb type catch basins 
. Special catch basins 
29. Spec. type A catch basins 
30. Manholes 
31. Manholes over 10-ft. dup. 
2. 15-in. rein. conc. pipe 
33. 18-in. rein. conc. 
. 24-in. rein. conc. 
35. 36-in. rein. conc. 
36. 42-in. rein. conc. 
37. 48-in. rein. conc. 
. 8-in. tile pipe 
. &in. tile wyes......... 
. Relay 6-in. tile pipe ol si 
. Relay 48-in. rein. cone. pipe 
2. Timber piles, 30-ft. lengths....... 
3. Driving timber piles . . bivknoe 


$15, 


965 s. y. 
25,010 c. y. 


t. mat'l, asph. for 
13,383 gal. 
1,006 c. y. 
810 c. y. 
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- Loading test piles 2 ea. 
. Furn. equip. for driv. test piles LS. 
Slope paving. . 120 s. y. 
. Riprap.. 152 ton 
5 Waterproof painting . 533 8. y. 
. Fndp. underdrain with 6-in. perf 
bit. coat. corr. met. pipe 7101. f. 
. Doweled conc. curb 34,699 1. f£. 
. Spec. doweled conc. curb 168 |. f. 
. Plain cone. curb 2, 633 1. £. 
3. Spec. conc. ae 75 1. f. 
. Cone. bridge rail . 116.51. f. 
Wire fence 6,871 1. f. 
pset wire fence ; 138 Lf. 
. Wire rope railings. . .... 6,000 I. 
8. Type B anchorages . . 6 ea. 
. Single posts... 40 ea. 
. Posts for reset and re painted wire 
rope railing 25 ea. 
. Temporary bridge .. . . con LS. 
2. Remove old superstructure LS. 
3. Reset and repainted wire rope 
railing 830 1. f. 
. Type C anchorages ._ ‘ 10 ea. 
35. Compensating type none ; 40 ea. 
6. Barways 10 ea. 
57. Service bridges 155 ea. 
280 c. y. 
275 ¢. y. 
40, 513 bbl. 


= 
. 


. Loose gravel surface ; 
Loose broken stone surface . . 
. Portland cement . 
. Concrete sidewalk .. .. 
2. Gravel walk (surface treat.) 
3. Relay brick walk a 
. Relay flag walk as 
. 2-in. galv. w. i. pipe railing . 
. Concrete ramps. . 
. Spec. galv. w. i. pipe rail., 2-in 
. Bitum. conc. surface 
. Junction box ; 
. Broken stone, bridge drains 
‘1. Metal flashing . 
‘2. Paved ditches 
3. Reset wood picket fence... 
. Temporary wire fence 
. Furn. and place calcium chloride 
6. Maintenance of traffic 
. Gravel base for gutters 


ne 
toto = Br S woe 


9, 1788. y. 
Ls. 
91 tons 
104 Ib. 
20 s. y. 
2071. f. 
5,915 1 f. 
85 ton 
L.8. 
165 ¢. y. 
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BULKHEAD AND SLIP 
CLEVELAND, OHIO 


OWNER: City of Cleveland, 
agent; G. B. Sowers, engineer. 
PROJECT: Construction of bulkhead and fire tug slip, Cuts 
9-6 and 5-A, in connection with Cuyahoga River improvement, 
Cleveland, Ohio. (Contract 21) 


CONDITIONS: Contractor to furnish all materials. Wate: 
and highway transportation facilities available. Wage rates 
specified are: hoisting engineers, $1.37% per hr.; structural 
ironworkers, $1.6214; semi-skilled workers and common labor, 
90c. per hr. 


LIST OF BIDDERS: 
BIDS: Three bids were received April 18, 1940, ranging 
from the contract low of $70,236 to $87,324. 

1. Great Lakes Dredge & Dock Co., Cleveland, Ohio 
(contract) $70,236 
A. Wells Constr. Co., Cleveland, Ohio 2,749 
Merritt-Chapman & Scott Corp., New York, N. Y. 87,324 


Unit Prices 


gene _—_—— 


(1) (2) 3 


$3,200.00 $5, mn 00 $11,400.0 
.00 7.00 75.00 


C. B. Patterson, purchasing 


2. L. 
3. 


« 


ltem 


Clearing site, Cut 9-6..... 
i — — piling, fror.t row (9-6) 
teel piling, naceatys row 


Quan. 


L. 8. 
490 ton 


70 ton 
102,000 Ib. 
90 ,000 Ib. 

14 Mbm 

521. f. 


. Anchor rods (9-6) 

Timber waler (9-6) 

Bulkhead guard rail, Cut 5-A 

. Sheet steel piling, front row, (5-A) 
9. a piling, anchorage row, 


(5-A) 
10. Misc. steel and — GA)... 
11. Anchor rods, Cut 5- 
12. Timber waler at Cnt BA; 
13. Excavati 
14. Concrete, 
15. Clear site, Cut 5-A.. 


PIP Me sper 
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